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Combined Effect of Generally Regarded As Safe (GRAYS)
Compounds and Trichoderma harzianum on the Control of
Postharvest Diseases of Rambutan

D. Sivakumar! R.S.Wilson Wijeratnam! R.L.C. Wijesundera
andM. Abeyeseleré

Botryodiplodia theobromae, Colletotrichum gloeosporioides and Gliocephalotrichum mi-
crochlamydosporum are the causalfungi of the ramhutan postharest diseasestem-end
rot, anthracwseand brown spot, respectiely. Two differenttreatmentsof ramhutan fruits
(Nephelium lappaceum) againstthe threepathoges were compaed: potassiunmetabisul-
phite (250 ppm) or cinnamadehyde(30 ppm), eachcombinedwith Trichoderma harzianum
(TrH 40). Theapplicationof TrH 40 andpotassiunmetabisulplte effectively controlledthe
incidenceand severity of the threepostharestdiseaseg&nd maintainedthe overall quality
andcolor of thefruit underlow temperaturestorageat 13.5 C and95%r.h. for 18 days.The
greateseffect of this treatmentwas shavn on G. microchlamydosporum. Cinnamaldehyd
affectedthe growth andgerminationof TrH 40, whereagpotassiunmetabisulphitalid not.
KEY WORDS: Gliocephalotrichum microchlamydosporum; Colletotrichum gloeospori-
oides; Botryodiplodia theobromae; ramhutan; Nephelium lappaceum; GRAS compouns;
Trichoderma harzianum.

INTRODUCTION

Anthracnose(Colletotrichum gloeosporioides), stem-endrot (Botryodiplodia theo-
bromae) and brown spot (Gliocephalotrichum microchlamydosporum) are the major
posthavestdisease®f ramhutanfruits (Nephelium lappaceum) in Sri Lanka(7). These
diseasesan be contrdled by the use of fungcides (1). However, the emegence of
fungcide-resistanstrainsof thesefung andthe potertial oncogenicrisksto the consuner
from the fungicide residueson sprayed fruits, have necessitatethe developmentof non
chemicalmethals for diseasecontrd (5). Whendeveloping suchmethod otherfactors,
suchascommality quality, practicality feasibility, implementationcosts,andabsencef
detrimenal effect onfruit quality, have to be consideed.

Two compaindsGenerallyRegarded As Safe (GRAS), potassiummetabisulphie (at
250 ppm) and cinnamalehyce (at 30 ppm), completelycontrdled the threeposthavest
diseasesunder low temperéure storagefor 14 days (8,10. The biocmtrol agent
Trichoderma harzianum is usedto cortrol a numter of plart path@ens(2). It wasshavn
to have antagamistic effects againstthe three posthavest path@gensof ramhutanwhich
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were contolled uncer low tempeaturestoragefor up to 10 daysby the biocontrol agent
(11). Useof T. harzianum in comhinationor alternatiorwith fungcidesto contiol Botrytis
cinerea hasbeenrepated (3). The objective of this studywasto exanine the combined
effect of a GRAS compaund — potassiunmetabisulpite 250 ppm or cinnamal@hyde 30
ppm-— andthebiocortrol agentT. harzianum (TrH 40), agairst the postlarvestdiseasesf
ramhitanin orderto examine the possibility of exterding the fruit’s storagdife upto 18
daysuncer low tempeatureconditins.

MATERIALS AND METHODS

Pathogens The fungi Botryodiplodia theobromae, Colletotrichum gloeosporioides and
Gliocephal otrichum microchlamydosporum were isolatedfrom infectedramhutan fruits.
Purecultures weremaintaired on potatodextroseagar(PDA) at 28°C.

Preparation of pathogen inoculum A mycelialdiscof 1.2 cm diamobtairedfrom a4—
5-dayold cultureof thefunguson PDA wastransferedto 100ml PDA in a250ml conical
flaskandincubatedatroom temperatte. G. microchlamydosporumandC. gloeosporioides
wereincubaedfor 4-5daysandB. theobromae for 14—-15 daysat 28°C. At theendof the
incubationtime 30 ml of sterilewaterwasaddedo eachcultureandtheflaskswereshalen
at50rpmfor 30 minin anorbitalshaler. Theconten of eachconicalflaskwasthenfiltered
throwgh two layersof sterilemuslin cloth andthe concentrationof the filtrate sporeswas
adjustedo 10° sporesml—! by dilution with sterilewater(9). This sporesuspensiomvas
usedfor theinocuation of ramhutanfruits in theexpelimentsdescritedbelow.

Growth of T. harzianum (TrH 40) Onehurdredml of potatodextrosebrothin a 250
ml conicalflaskwasinocuatedwith threemycdial discs(1.2cm diam)obtaine from 5—
7-dayold culturesof the fungusgrown on PDA. The inoculatedmediun wasincubatel
at 28°C on anorbital shaler (80 rpm) for 12 days. At the endof the incubationtime the
culture was hanestedby filtering through two layersof muslin cloth. The pregaration
(culture filtrate with 10° conida ml—! of thefungus)wasstoredat 10°C until use(11).

GRAS compounds A nonvolatile compaind, potassiummetabisulphe, anda volatile
compund,cinnanaldehye,wereusedin this study

Effect of GRAS compounds on mycelial growth of TrH 40 Mycelial discsof 1.2cm
diam weretaken from the peripteral region of a 5-day-old culture of TrH 40 grown on
PDA andtransferedto thecenterof a9-cmdiamPDA plate.A 7-cm-dam Whatmarfilter
paperNo. 1 wasimpregnatedwith anaqueais solutionof cinnanmaldehyle (30 ppm) and
placedontheinsidelid of the petridish. Thepetridisheswvereclosedjnverted,sealedvith
plasticfilm andincubatedin thedarkfor 10daysat28°C (12).

Potassiummetabisulphe at 250 ppm wasincorporatedinto a PDA medium at 50°C
befoe plating(7). Theamenad PDA waspouredinto a 9-cm-diampetridish. A mycelial
discof TrH 40 obtainedrom the peripteral region of a 4-5day-dd culture wasplacedin
the centerof thepetridish.

In both experiments grownth was assessedfter 10 days by measurig the colory
diameteralongthetwo axesatright anglesto eachother Theseexperimentswererepeatd
twicewith tenreplicaeseach.Steriledistilled waterwasusednsteacbf GRAScompainds
in the contrd. Datawereanalyzedoy analysisof varianceandmeanswereseparatedia
Duncans Multiple RangeTest(DMRT) atthe 5% level of significance.Thefungicidal or
fungstatic effect of the GRAS commpundwastestedby transfering the mycelial disc to

2 D. Sivakumaret al.



freshlypouedPDA, andheldat 28°C for 10 days.Obsenationsweremadeafter 10 days
by measurig theradialmycelialgrowth asmentioredabove.

Effect of GRAS compounds on ger mination of TrH 40 A sporesuspensionf TrH 40
wasprepaedfrom a 4-5-chy-old cultureasdescribedabore but in a 4% sucresesolution
One-talf ml of this suspensiorf10°® spore ml—!) wasintroducedinto a cavity slide (45
cmlength,1.5cmwidth and1 cmdepth) andleft for 5—10 min until thedrops werealmost
dry. Then,0.5ml of potassiunmetalisulphitewasdeliveredto the sporesontheslideand
the setupwasincubatedat 100% r.h. for 24 h at 28°C (7). Whencinnanaldehyle was
usedthecavity slidewith thesporesuspensinwasplacedn apetridish,andafilter pager
impregnatedwith 30 ppmcinnamaldehgewasplacedontheinnersurfaceof the petridish
lid andincubdedasdescritedabove.

Perceh germiration was determired for each pathogn in the presere of each
GRAS commpund Two replicateslideswere usedfor eachGRAS compaind and the
expetimentwasrepeatedwice. All togethei300conidiawerecounteduncerthreedifferent
microsceic areas.

The percemage of gernination inhibition was calculatedaccordimg to the following
formula. In the controlsteriledistilled waterwasusedinsteadof GRAS compunds.

c-T

X 100 = % Inhibition of germination

whereC is germiration of the pathognin contrd andT is germiration of the path@enin
thepresencef the GRAS commund

Effect of combined treatment of GRAS compounds and TrH 40 on infection of
rambutan fruits A setof 15 ramhutan fruits var. ‘Malwana’ specialselectionl at
color stage6 (peiicarp 75% red and 25% orandsh red) was surfacesterilizedwith 75%
ethand andwourdedwith a No. 2 cork borer(1.2 cm diam)to a depthof 3 mm on the
fruit surface. The wourd wasinocuatedwith 0.1 ml of the sporesuspensio (103 spores
ml—!) of eachpath@enandincubded for 3 h at 28°C (11). Theinoculatedwourds of
the fruits werethentreatedwith 0.1 ml of potassiummetabisulphte (250 ppm) and0.1
ml of the culturefiltrate of TrH 40, or treatedwith 0.1 ml of the culturefiltrate of TrH
40 and exposedto cinnarmaldehye (30 ppm). Inocdatedand TrH 40-treatedfruits were
exposedto cinnamal@hyck by placingblotting paper(360 cm x 29 cm)impregnatedwith
the volatile compaund inside the inner surfaceof the lid of a carton. The treatedfruits
wereplacedin tray packsandpacledin corrugatedcardb@rdboxes lined with pin-pricked
polystyrenefilm andkraft paper(10). The pacled fruits werestoredat 13.5°C and95%
r.h. for 10 days(herafterreferedto asthe standad way). Obsenatiors weremadeat the
endof the storageime anddiseaseeverity wasassesselly measurig thediamete of the
lesionsin cm. Thepericarpof thefruit wasthenremoredandhonogenizedn 0.1M acetate
buffer, pH 4.5 (w/v 2:1). The prefarationwasserially diluted and0.1 ml of eachdilution
wasplatedon PDA by the spreacplatemethal. Theplateswereincubatecat 28°C for 5-7
daysandobsevedfor growth of the postharestpath@ensandTrH 40 (10). A setof fruits
inocuatedandtreatedwith eitherautoclared culturefiltrate of TrH 40 (subjectedo 121°C,
115Ib pressue for 15min andcooledto 28°C) or sterilewatersenedasthe cortrol.

A completerancdbmizeddesignwas adofied and the experimentwas repeatedwice.
Datawereanalyzedoy DMRT at P=0.06. Theeffectsof TrH 40 culturefiltrate and/a the
GRAScompaindsondiseaseseverity of thethreepostharestpath@enswereanalyzedy
two-way factoial analysis.
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Effect of combined treatment of GRAS compound and TrH 40 on overall quality and
color of naturally infected rambutan fruits A set(45) of naturallyinfectedfruits was
hanestedanddipped in 3 | potassiummetabisulphie (250 ppm) and3 | TrH 40 culture
filtrate for 20 min andthe fruits were allowed to air-dry for 5 min (10,11). They were
thenpacled andstoredin the standardvay for 18 days. Fruits (45) dippedin 3 | of TrH
40 culturefiltrate wereexposedto cinnamal@hycde (30 ppm) by placingcinnanaldehyle-
impregnatedblotting paperinsidetheinnersurfae of thelid of the corrugatedcarton The
fruits werearrargedin thetray pack,pacledin corrugatedcardmardandheldatthestorage
condtions in the standardvay. Naturally infectedfruits (45 in nurmber) were exposedto
the GRAS commundor dippedin the GRAS compundtogethemwith autoclaed TrH 40
culturefiltrate andpacledandstoredin the standardvay. Another setof fruits wasdipped
in culturefiltrate of TrH 40 or sterilewaterandpacledin the standardvay andsenedas
the contrd. This experimentwasrepeatedwice. Assessmentef diseasencidenceand
severity of the pathognsweremadeat the endof the storag period Diseaseseverity was
evaluatel by measurig the lesiondiameterof the diseasesymptan. Theeffectof TrH 40
culturefiltrate, GRAS compaund or their combindion on diseaséanciderce andseverity
of the threeposthavest patho@ns, was analyzedby two-way factorial analysis. Means
werecompaed by DMRT at P=0.05 The overall fruit quality wasassessedccordng to
the following score. 1-2 = not marketable,3 = poor, limited marletablity, 4-5 = fair,
marketable, 67 = good marketable 8—-9= excdlent (7). The skin color of the fruit was
scoredaccordng to the hedoric scalefrom 1 = poorto 5 = excdlent for skin quality (10).
At thesametime the skin color of themid-sideof eachfruit wasmeasuredisinga Minolta
chromameter(9 mm apertwe) and Commissioninternatical de I'Eclairage (CIE) color
spacgl* a* b*) (11). Thel* a* b* colorspacds mostpopuar for measuing thefruit color.
In this colorspacd* indicatedightnessanda* andb* arethechromaticity coodinatesa+
isred,a-is greenp+is yellow andb- is blue (11). Theresultswereanalyzel accordng to
Friedmars two-way testandthe meansverecomparedby DMRT at P =0.05.

RESULTS
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Fig. 1. Effectof GRAScompound onradial mycelial growvth (white columns)andgermindion (stripedcolumns)
of Trichoderma harzianum. Columnswith the samelettersdo not differ significantly at P=0.05.
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Growth and germiration of T. harzianum (TrH 40) were not affected by 250 ppm
potassiummetabisulphie; however, cinnanaldehye at 30 ppm significantlyreducel the
growth andgerminaion (Fig. 1). Theeffectof thiscompundwasfungstatic. Thedisease
severity of all threeposthavestdiseasesn inoculata fruits was significantly (P<0.05)
redu@dwhentreatedwith potassiunmetabisiphite or cinnanaldehyleand TrH 40 (10°
sporeanl—!) whencompaedwith fruits treatedwith autoclared TrH 40 culturefiltrate and
the contrd. However, the effect was greder with potassiummetabisiphite and TrH 40
thanwith cinnamal@hycde andTrH 40. Among thethreepath@ens the effect washighest
agairst G. microchlamydosporum (Fig. 2).

The recovery of the antagamist was 100% from fruits inocuated and treatedwith
potassiummetabisulphie and also from fruits treatedonly with TrH 40. The recovery
of the postharest path@enswas significarlly low in all the treatmeh comhnations
when compaed with the fruits treatedwith sterile watet and lowest in fruits treated
with potassiunmetabisulphie andTrH 40. Cinnamédehyde causeda significantlylower
recovery of TrH 40 thanpotassiummetabisulpfie. Whenautoclared TrH 40 was used,
significantly higher recovery of the path@enswas obsened with cinnamédehyde than
with potassiunmetabisulpite (Fig. 3). The color andthe overall quality of the natually
infectedfruits dipped in potassiummetabisulpite and TrH 40 were significantly higher
thanthoseof the fruits dippedin TrH 40 andexposedto cinnanaldehyle or treatedwith
potassiummetabisulphlie andautoclared TrH 40 (Fig. 4). The chranametervalues for
the color aregivenin Table 1. Potassiummetabisiphite or cinnamal@hycd with TrH
40 significantlyredwedboth diseasanciderce (Fig. 5) andseverity (Fig. 6), potassium
metabisulpite combinedwith TrH 40 beingthe mosteffective treatmenh
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Fig. 2. Effect of combinal treamentwith GRAS compourdls and TrH 40 on diseaseseverity of inoculated
ramhutan fruits. White columns, Gliocephal otrichum microchlamydosporum; striped columns,Colletotrichum
gloeosporioides; gray columns, Botryodiplodia theobromae. Columns with the sameletters do not differ
significantly at P=0.05.
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Fig. 3. Effect of combired treamentwith GRAS compoundsand TrH 40 on the perentage recovery of the
posthavestpathogens.Columnswith the samelettersdo not differ significantly at P=0.05.

Fig. 4. Effect of combinal treament with GRAS compound and TrH 40 on color (striped columns)and
overdl quality (white columns)of naturdly infected ramtutan fruits. Columnswith the sameletters do not

differ significantly at P=0.05.
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Fig. 5. Effect of combinal treamentwith GRAS compounds and TrH 40 on posthavest diseae incidence
of naturdly infected ramhutanfruits, expressedasthe ratio of numberof fruits with diseasesymptomsto tota
numberof fruits in a commerdal pack. Columnswith the sameletters do not differ significantly different at
P=0.05.

Fig. 6. Effect of combinedtreamentwith GRAS compourds and TrH 40 on posthavest diseae severity in
naturdly infectedramhutan fruits. Columnswith the samelettersdo not differ significantly at P=0.05.
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TABLE 1. Combinedeffect of GenerallyRegardedAs Safe(GRAS) compouwnd and Trichoderma
harzianum on color retentionof ramhutan fruits (Color valueswere determinedwith a Minolta
chromameteusingCIE I*, a*, b*)

Fruitsdippedin: | a b

Culturefiltrate of TrH 40 + potassium 21.94 +57 +1.60
metabsulphite

Culture filtrate of TrH 40 + cinnamadehyde 27.94 +40 +4.60

Autoclaved culturefiltrate of TrH 40 + potassium 27.94 +22.17 +16.20
metabsulphite

Autoclaved culturefiltrate of TrH 40 + 27.94 +20.45 +18.50
cinnamaldelyde

TrH 40 27.91 +38 +10.42

Sterile water 27.94 +20 +1.29

I*, lightness;a andb-, chromaic coordindes;+avalue,red color; +b value,yellow color; -b value, brown color,
the numericé value expressesheintensty of thesecolors.

DISCUSSION

It is evidert from the resultsof theseinvestigationsthat the combired applicationof
T. harzianum andthe GRAS compaund potassiunmetabisiphite controlledposthavest
pathaensG. microchlamydosporum, C. gloeosporioides andB. theobromae while main-
taining the overall quality of ramhutanfruits uncer low tempeaturestoragefor 18 days.
The contwol was mostmarked againstG. microchlamydosporum. Cinnamaldelde with
TrH 40 was lesseffective than potassiummetabisulpite, probably becausecinnanalde-
hyde affectedT. harzianum. Potassiunmetabisulpite hadno negaive effects aganst T.
harzianum andtherewas100%recovery.

High conentrationsof potassiummetabisulphie can causeallergies and respiratoy
prodemsin humars. A joint comnittee of the FoodandAgriculture Organization/ World
HealthOrganizationestablishedhatthe acceptale daily intake level for humansis 0.7 mg
of SO perkilogram bodyweightperday (4). Another studycorcludedthatan averag
percapitaconsumgion of 0.2mgSO kg~! bodyweightperdayis nothazara@usto health
(6). Treatmenhwith 250 ppmpotassiunmetabisulpite hasbeenshown to liberate80 ppm
SO and0.12 ppm sulfur residuewas detectedon the pericarp of treatedramhutanafter
21 days of storageunderlow tempeature(M. Abeyeselere,pers. commuwn.). Therebre,
the concetration of potassiummetabisulphe usedto contrd the postharestdiseasess
within the safelimits for consuners.

Potassiummetabisulpite combned with TrH 40 shouldbe studiedfurtherin large-
scaleexperimentsin orderto developa nonchemial methodto prevent the occurenceof
posthavestdiseaseandconseqently to extendthe storagdife of ramtutanfruits.
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