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Combined Effect of Generally Regarded As Safe (GRAS)
Compounds and Trichoderma harzianum on the Control of

Postharvest Diseases of Rambutan

D. Sivakumar,
�
R.S.WilsonWijeratnam,

�
R.L.C.Wijesundera

�

andM. Abeyesekere
�

Botryodiplodia theobromae, Colletotrichum gloeosporioides and Gliocephalotrichum mi-
crochlamydosporum are the causalfungi of the rambutan postharvest diseasesstem-end
rot, anthracnoseandbrown spot, respectively. Two different treatmentsof rambutan fruits
(Nephelium lappaceum) againstthe threepathogens werecompared: potassiummetabisul-
phite(250ppm)or cinnamaldehyde(30 ppm),eachcombinedwith Trichoderma harzianum
(TrH 40). Theapplicationof TrH 40 andpotassiummetabisulphite effectively controlledthe
incidenceandseverity of the threepostharvestdiseasesandmaintainedthe overall quality
andcolor of thefruit underlow temperaturestorageat13.5

�
C and95%r.h. for 18 days.The

greatesteffect of this treatmentwasshown on G. microchlamydosporum. Cinnamaldehyde
affectedthegrowth andgerminationof TrH 40,whereaspotassiummetabisulphitedid not.
KEY WORDS: Gliocephalotrichum microchlamydosporum; Colletotrichum gloeospori-
oides; Botryodiplodia theobromae; rambutan; Nephelium lappaceum; GRAS compounds;
Trichoderma harzianum.

INTRODUCTION

Anthracnose(Colletotrichum gloeosporioides), stem-endrot (Botryodiplodia theo-
bromae) and brown spot (Gliocephalotrichum microchlamydosporum) are the major
postharvestdiseasesof rambutanfruits (Nephelium lappaceum) in Sri Lanka(7). These
diseasescan be controlled by the use of fungicides (1). However, the emergenceof
fungicide-resistantstrainsof thesefungi andthepotential oncogenicrisksto theconsumer
from the fungicide residueson sprayed fruits, have necessitatedthedevelopmentof non-
chemicalmethods for diseasecontrol (5). Whendeveloping suchmethods otherfactors,
suchascommodity quality, practicality, feasibility, implementationcosts,andabsenceof
detrimental effectonfruit quality, haveto beconsidered.

Two compoundsGenerallyRegarded As Safe(GRAS),potassiummetabisulphite (at
250 ppm) andcinnamaldehyde (at 30 ppm), completelycontrolled the threepostharvest
diseasesunder low temperature storagefor 14 days (8,10). The biocontrol agent
Trichoderma harzianum is usedto control a number of plant pathogens(2). It wasshown
to have antagonistic effects againstthe threepostharvest pathogensof rambutan which
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werecontrolled under low temperaturestoragefor up to 10 daysby the biocontrol agent
(11). Useof T. harzianum in combinationor alternationwith fungicidesto control Botrytis
cinerea hasbeenreported (3). The objective of this studywasto examine the combined
effect of a GRAScompound– potassiummetabisulphite 250ppmor cinnamaldehyde 30
ppm– andthebiocontrol agentT. harzianum (TrH 40), against thepostharvestdiseasesof
rambutan in orderto examine thepossibilityof extending the fruit’s storagelife up to 18
daysunder low temperatureconditions.

MATERIALS AND METHODS

Pathogens The fungi Botryodiplodia theobromae, Colletotrichum gloeosporioides and
Gliocephalotrichum microchlamydosporum were isolatedfrom infectedrambutan fruits.
Purecultures weremaintainedonpotatodextroseagar(PDA) at 28

�
C.

Preparation of pathogen inoculum A mycelialdiscof 1.2cm diamobtainedfrom a 4–
5-day-old cultureof thefungusonPDA wastransferredto 100ml PDA in a250ml conical
flaskandincubatedatroom temperature. G. microchlamydosporum andC. gloeosporioides
wereincubatedfor 4–5daysandB. theobromae for 14–15 daysat 28

�
C. At theendof the

incubationtime30ml of sterilewaterwasaddedto eachcultureandtheflaskswereshaken
at50rpmfor 30min in anorbitalshaker. Thecontent of eachconicalflaskwasthenfiltered
through two layersof sterilemuslincloth andtheconcentrationof thefiltrate sporeswas
adjustedto 10

�
sporesml � �

by dilution with sterilewater(9). This sporesuspensionwas
usedfor theinoculationof rambutanfruits in theexperimentsdescribedbelow.

Growth of T. harzianum (TrH 40) Onehundredml of potatodextrosebroth in a 250
ml conicalflaskwasinoculatedwith threemycelial discs(1.2cm diam)obtained from 5–
7-day-old culturesof the fungusgrown on PDA. The inoculatedmedium was incubated
at 28

�
C on anorbital shaker (80 rpm) for 12 days. At theendof the incubation time the

culturewas harvestedby filtering through two layersof muslin cloth. The preparation
(culture filtratewith 10

	
conidia ml � �

of thefungus)wasstoredat10
�
C until use(11).

GRAS compounds A non-volatile compound,potassiummetabisulphite, anda volatile
compound,cinnamaldehyde,wereusedin thisstudy.

Effect of GRAS compounds on mycelial growth of TrH 40 Mycelial discsof 1.2 cm
diam weretaken from the peripheral region of a 5-day-old cultureof TrH 40 grown on
PDA andtransferredto thecenterof a9-cm-diamPDA plate.A 7-cm-diamWhatmanfilter
paperNo. 1 wasimpregnatedwith anaqueoussolutionof cinnamaldehyde(30 ppm), and
placedontheinsidelid of thepetridish.Thepetridisheswereclosed,inverted,sealedwith
plasticfilm andincubatedin thedarkfor 10daysat 28

�
C (12).

Potassiummetabisulphite at 250 ppm wasincorporatedinto a PDA medium at 50
�
C

before plating(7). TheamendedPDA waspouredinto a 9-cm-diampetridish.A mycelial
discof TrH 40 obtainedfrom theperipheralregion of a 4–5-day-old culture wasplacedin
thecenterof thepetri dish.

In both experiments growth was assessedafter 10 days by measuring the colony
diameteralongthetwo axesat right anglesto eachother. Theseexperimentswererepeated
twicewith tenreplicateseach.Steriledistilledwaterwasusedinsteadof GRAScompounds
in thecontrol. Datawereanalyzedby analysisof varianceandmeanswereseparatedvia
Duncan’s Multiple RangeTest(DMRT) at the5% level of significance.Thefungicidal or
fungistatic effect of the GRAS compoundwastestedby transferring the mycelial disc to
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freshlypouredPDA, andheldat 28
�
C for 10 days.Observationsweremadeafter10 days

by measuring theradialmycelialgrowth asmentionedabove.

Effect of GRAS compounds on germination of TrH 40 A sporesuspensionof TrH 40
waspreparedfrom a 4–5-day-oldcultureasdescribedabove but in a 4% sucrosesolution.
One-half ml of this suspension(10



spores ml � �

) wasintroducedinto a cavity slide (4.5
cmlength,1.5cmwidth and1 cmdepth) andleft for 5–10 min until thedropswerealmost
dry. Then,0.5ml of potassiummetabisulphitewasdeliveredto thesporeson theslideand
the setupwasincubatedat 100% r.h. for 24 h at 28

�
C (7). Whencinnamaldehyde was

used,thecavity slidewith thesporesuspension wasplacedin apetridish,andafilter paper
impregnatedwith 30ppmcinnamaldehydewasplacedontheinnersurfaceof thepetridish
lid andincubatedasdescribedabove.

Percent germination was determined for each pathogen in the presence of each
GRAS compound. Two replicateslideswere usedfor eachGRAS compound and the
experimentwasrepeatedtwice. All together300conidiawerecountedunderthreedifferent
microscopic areas.

The percentageof germination inhibition was calculatedaccording to the following
formula. In thecontrolsteriledistilledwaterwasusedinsteadof GRAScompounds.�
���

� � �������
����������� ��!"�"#$�%#'&)(+*-,'./����0+!"�"#-�
whereC is germinationof thepathogenin control andT is germinationof thepathogenin
thepresenceof theGRAScompound.

Effect of combined treatment of GRAS compounds and TrH 40 on infection of
rambutan fruits A set of 15 rambutan fruits var. ‘Malwana’ specialselection1 at
color stage6 (pericarp 75% red and25% orangish red) wassurfacesterilizedwith 75%
ethanol andwoundedwith a No. 2 cork borer(1.2 cm diam) to a depthof 3 mm on the
fruit surface.Thewound wasinoculatedwith 0.1 ml of thesporesuspension (10

�
spores

ml � �
) of eachpathogenandincubated for 3 h at 28

�
C (11). The inoculatedwounds of

the fruits werethen treatedwith 0.1 ml of potassiummetabisulphite (250 ppm) and0.1
ml of the culturefiltrate of TrH 40, or treatedwith 0.1 ml of the culturefiltrate of TrH
40 andexposedto cinnamaldehyde (30 ppm). InoculatedandTrH 40-treatedfruits were
exposedto cinnamaldehydeby placingblottingpaper(360 cm 1 29cm) impregnatedwith
the volatile compound inside the inner surfaceof the lid of a carton. The treatedfruits
wereplacedin traypacksandpackedin corrugatedcardboardboxes linedwith pin-pricked
polystyrenefilm andkraft paper(10). Thepacked fruits werestoredat 13.5

�
C and95%

r.h. for 10 days(hereafterreferredto asthestandard way). Observations weremadeat the
endof thestoragetimeanddiseaseseverity wasassessedby measuring thediameter of the
lesionsin cm. Thepericarpof thefruit wasthenremovedandhomogenizedin 0.1M acetate
buffer, pH 4.5 (w/v 2:1). Thepreparationwasseriallydilutedand0.1ml of eachdilution
wasplatedonPDA by thespreadplatemethod. Theplateswereincubatedat28

�
C for 5–7

daysandobservedfor growth of thepostharvestpathogensandTrH 40(10). A setof fruits
inoculatedandtreatedwith eitherautoclavedculturefiltrateof TrH 40(subjectedto 121

�
C,

115lb pressure for 15min andcooledto 28
�
C) or sterilewaterservedasthecontrol.

A completerandomizeddesignwasadopted andthe experimentwasrepeatedtwice.
Datawereanalyzedby DMRT at P=0.05. Theeffectsof TrH 40 culturefiltrate and/or the
GRAScompoundsondiseaseseverity of thethreepostharvestpathogenswereanalyzedby
two-way factorial 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
harvestedanddipped in 3 l potassiummetabisulphite (250 ppm) and3 l TrH 40 culture
filtrate for 20 min and the fruits wereallowed to air-dry for 5 min (10,11). They were
thenpackedandstoredin thestandardway for 18 days. Fruits (45) dippedin 3 l of TrH
40 culturefiltrate wereexposedto cinnamaldehyde (30 ppm)by placingcinnamaldehyde-
impregnatedblottingpaperinsidetheinnersurface of thelid of thecorrugatedcarton. The
fruitswerearrangedin thetraypack,packedin corrugatedcardboardandheldatthestorage
conditions in thestandardway. Naturally infectedfruits (45 in number)wereexposedto
theGRAScompoundor dippedin theGRAScompoundtogetherwith autoclavedTrH 40
culturefiltrateandpackedandstoredin thestandardway. Anothersetof fruits wasdipped
in culturefiltrate of TrH 40 or sterilewaterandpackedin thestandardway andservedas
the control. This experimentwasrepeatedtwice. Assessmentsof diseaseincidenceand
severity of thepathogensweremadeat theendof thestorage period. Diseaseseverity was
evaluated by measuring thelesiondiameterof thediseasesymptom. Theeffect of TrH 40
culturefiltrate, GRAS compound or their combination on diseaseincidence andseverity
of the threepostharvestpathogens,wasanalyzedby two-way factorialanalysis. Means
werecomparedby DMRT at P=0.05. Theoverall fruit quality wasassessedaccording to
the following score. 1–2 = not marketable,3 = poor, limited marketability , 4–5 = fair,
marketable, 6–7= good, marketable, 8–9= excellent (7). Theskin color of the fruit was
scoredaccording to thehedonic scalefrom 1 = poorto 5 = excellent for skin quality (10).
At thesametime theskincolorof themid-sideof eachfruit wasmeasuredusingaMinolta
chromameter(9 mm aperture) andCommissionInternational de l’Eclairage (CIE) color
space(l* a* b*) (11).Thel* a* b* colorspaceis mostpopular for measuring thefruit color.
In thiscolorspacel* indicateslightnessanda* andb* arethechromaticity coordinates;a+
is red,a- is green,b+ is yellow andb- is blue(11). Theresultswereanalyzed according to
Friedman’s two-way testandthemeanswerecomparedby DMRT at P =0.05.

RESULTS

Fig.1. Effectof GRAScompoundsonradial mycelial growth (whitecolumns)andgermination (stripedcolumns)
of Trichoderma harzianum. Columnswith thesamelettersdo not differ significantly at P=0.05.
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Growth and germination of T. harzianum (TrH 40) were not affected by 250 ppm
potassiummetabisulphite; however, cinnamaldehyde at 30 ppmsignificantlyreduced the
growth andgermination (Fig. 1). Theeffectof thiscompoundwasfungistatic.Thedisease
severity of all threepostharvestdiseasesin inoculated fruits wassignificantly (P 2 0.05)
reducedwhentreatedwith potassiummetabisulphite or cinnamaldehydeandTrH 40 (10

	
sporesml � �

) whencomparedwith fruits treatedwith autoclavedTrH 40culturefiltrateand
the control. However, the effect wasgreater with potassiummetabisulphite andTrH 40
thanwith cinnamaldehyde andTrH 40. Among thethreepathogens,theeffectwashighest
against G. microchlamydosporum (Fig. 2).

The recovery of the antagonist was 100% from fruits inoculated and treatedwith
potassiummetabisulphite and also from fruits treatedonly with TrH 40. The recovery
of the postharvest pathogens was significantly low in all the treatment combinations
when compared with the fruits treatedwith sterile water, and lowest in fruits treated
with potassiummetabisulphite andTrH 40. Cinnamaldehydecauseda significantlylower
recovery of TrH 40 thanpotassiummetabisulphite. Whenautoclaved TrH 40 wasused,
significantly higher recovery of the pathogenswas observed with cinnamaldehyde than
with potassiummetabisulphite (Fig. 3). Thecolor andtheoverall quality of thenaturally
infectedfruits dipped in potassiummetabisulphite andTrH 40 weresignificantlyhigher
thanthoseof the fruits dipped in TrH 40 andexposedto cinnamaldehydeor treatedwith
potassiummetabisulphite andautoclaved TrH 40 (Fig. 4). The chromametervalues for
the color are given in Table 1. Potassiummetabisulphite or cinnamaldehyde with TrH
40 significantlyreducedbothdiseaseincidence (Fig. 5) andseverity (Fig. 6), potassium
metabisulphite combinedwith TrH 40beingthemosteffective treatment.

Fig. 2. Effect of combined treatment with GRAS compounds and TrH 40 on diseaseseverity of inoculated
rambutan fruits. White columns,Gliocephalotrichum 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 combined treatmentwith GRAS compoundsand TrH 40 on the percentage recovery of the
postharvestpathogens.Columnswith thesamelettersdo not differ significantly at P=0.05.

Fig. 4. Effect of combined treatment with GRAS compounds and TrH 40 on color (striped columns)and
overall quality (white columns)of naturally infected rambutan fruits. Columnswith the sameletters do not
differ significantly at P=0.05.
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Fig. 5. Effect of combined treatment with GRAS compounds and TrH 40 on postharvest disease incidence
of naturally infected rambutan fruits, expressedasthe ratio of numberof fruits with diseasesymptomsto total
numberof fruits in a commercial pack. Columnswith the sameletters do not differ significantly different at
P=0.05.

Fig. 6. Effect of combinedtreatment with GRAS compounds and TrH 40 on postharvestdiseaseseverity in
naturally infectedrambutan fruits. Columnswith thesamelettersdo not differ significantly at P=0.05.
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TABLE 1. Combinedeffect of GenerallyRegardedAs Safe(GRAS) compound andTrichoderma
harzianum on color retentionof rambutan fruits3 (Color valueswere determinedwith a Minolta
chromameterusingCIE l*, a*, b*)

Fruitsdippedin: l 4 a4 b 4
Culture filtrate of TrH 40 + potassium 21.94 +57 +1.60
metabisulphite

Culture filtrate of TrH 40 + cinnamaldehyde 27.94 +40 +4.60
Autoclavedculturefiltrate of TrH 40 + potassium 27.94 +22.17 +16.20
metabisulphite

Autoclavedculturefiltrate of TrH 40 + 27.94 +20.45 +18.50
cinnamaldehyde

TrH 40 27.91 +38 +10.42
Sterile water 27.94 +20 +1.29

l*, lightness;a andb-, chromatic coordinates;+avalue,redcolor; +b value,yellow color; -b value,brown color;
thenumerical value expressestheintensity of thesecolors.

DISCUSSION

It is evident from the resultsof theseinvestigationsthat the combined applicationof
T. harzianum andthe GRAS compound potassiummetabisulphite controlledpostharvest
pathogensG. microchlamydosporum, C. gloeosporioides andB. theobromae while main-
taining the overall quality of rambutanfruits under low temperaturestoragefor 18 days.
The control wasmostmarked againstG. microchlamydosporum. Cinnamaldehyde with
TrH 40 was lesseffective thanpotassiummetabisulphite, probably becausecinnamalde-
hyde affectedT. harzianum. Potassiummetabisulphite hadno negative effects against T.
harzianum andtherewas100%recovery.

High concentrationsof potassiummetabisulphite cancauseallergiesandrespiratory
problemsin humans. A joint committeeof theFoodandAgriculture Organization/ World
HealthOrganizationestablishedthattheacceptable daily intakelevel for humansis 0.7mg
of SO 5 perkilogrambodyweightperday (4). Another studyconcludedthatanaverage
percapitaconsumption of 0.2mgSO5 kg � �

bodyweightperdayis nothazardousto health
(6). Treatment with 250ppmpotassiummetabisulphitehasbeenshown to liberate80ppm
SO5 and0.12ppm sulfur residuewasdetectedon the pericarp of treatedrambutanafter
21 days of storageunderlow temperature(M. Abeyesekere,pers. commun.). Therefore,
the concentration of potassiummetabisulphite usedto control the postharvestdiseasesis
within thesafelimits for consumers.

Potassiummetabisulphite combined with TrH 40 shouldbe studiedfurther in large-
scaleexperimentsin orderto developa non-chemical methodto prevent theoccurrenceof
postharvestdiseasesandconsequently to extendthestoragelife of rambutanfruits.
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