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Insecticidal Activity of Crude Seed Extracts of Annona
spp., Lansium domesticum and Sandoricum koetjape

Against Lepidopteran Larvae
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�
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Crudeethanolicseedextractsof Annonamuricata, A. squamosa(Annonaceae),Lansium
domesticumand Sandoricumkoetjape(Meliaceae)collectedfrom different locationsand
years in Maluku, Indonesia,were screenedfor inhibition of larval growth against the
polyphagouslepidopteranSpodoptera litura (Noctuidae). Extractsof A. squamosawere
signi�cantly moreactive (20-fold) thanthoseof A. muricata. A. squamosacollectedfrom
Namleayielded the extractswith the greatestinhibitory activity. Therewere signi�cant
differencesamonglocationsfor bothA. squamosaandA. muricatabut not for L. domesticum
andS. koetjape. Extractsof A. squamosa,collectedfrom Namlea,inhibited larval growth
in a dose-dependentmanner, with a dietaryEC��� (effective concentrationto inhibit growth
by 50%relative to controls)of 191.7ppmfreshweight. Extractsof A. squamosacollected
from individual treesin Namleaalsovariedin growth inhibitory effect againstS. litura and
Trichoplusiani larvae.This speciesis a candidatefor developmentof a botanicalinsecticide
for localusein Indonesia.
KEY WORDS:Annonasquamosa; A. muricata; Annonaceae;Lansiumdomesticum; San-
doricumkoetjape; Meliaceae;Spodoptera litura; Trichoplusiani; botanicalinsecticide.

INTRODUCTION

Botanicalinsecticidesoffer amorenatural,̀ environmentallyfriendly' approachto pest
controlthandosyntheticinsecticides.Screeningof plantextractsfor deleteriouseffectson
insectsisoneof theapproachesusedin thesearchfor novelbotanicalinsecticides(4,10,31).
Themostpromisingbotanicalsfor useat thepresenttime andin the futurearespeciesin
thefamiliesMeliaceae,Rutaceae,Asteraceae,Annonaceae,LabiataeandCanellaceae(12).

The Meliaceae(mahogany) is a tropical family of woody plantscomprisingapprox-
imately 51 generaand 550 species(7). Seed(20,21) as well as foliar (5) extractsof
several meliaceousspecieshave beenreportedto have toxic andpotentgrowth-reducing
activity to insects.Many speciesof this family have beenscreeneddueto theoutstanding
bioactivity of azadirachtin,a limonoid from theneemtree(Azadirachta indica), which is
both a potentantifeedantandan insectgrowth regulator (29,30). Limonoids (triterpene
derivatives), natural productsof Meliaceae,Rutaceaeand other Rutales,have a wide
rangeof biologicalactivities includinginsectantifeedantandgrowth regulator, antifungal,
bactericidal,antiviral andmedicinaleffectsonanimalsandhumans(6).

TheAnnonaceae(custard-applefamily) is a largefamily of almostexclusively tropical
trees and shrubscomprisingabout 130 generaand 2300 species(7). Plant parts of
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somespeciesof this family have beenusedtraditionally as insecticides. For example,
the powderedseedsand leaf juices of Annonaspp. are used to kill headand body
lice, and bark of Goniothalamusmacrophyllus is used to repel mosquitoes(22,31).
Annonaceousacetogeninsextracted from tree leaves, bark and seedshave pesticidal
and/orinsectantifeedantproperties(3,19,25,27).This groupof C �
	��
��� fatty-acid-derived
naturalproducts,areamongthemostpotentinhibitorsof complex I (NADH: ubiquinone
oxidoreductase)in the mitochondrialelectrontransportsystem(1,17,18,32). To date,
nearly 400 of thesecompoundshave beenisolatedfrom the generaAnnona,Asimina,
Goniothalamus,Rollinia andUvaria (2,14).Theirbiologicalactivitiesincludecytotoxicity,
andin vivoantitumor, antimalarial,parasiticidalandpesticidaleffects(2,8,27).

The soursop(Annona muricata), sweetsop(A. squamosa) (Annonaceae),langsat
(Lansiumdomesticum) andSandoricumkoetjape(Meliaceae)areabundantasfruit treesin
Ambon(Maluku), Indonesia.Thesetreesaresourcesof freshfruit and/orfruit juicesand
couldgeneratetonsof wasteseeds.Thesewasteproductsmight potentiallybedeveloped
into simple,locally availablebotanicalinsecticides.

Theinsecticidalbioactivity of crudeseedextractsof thesefourspeciesagainsttheAsian
armyworm, Spodoptera litura andthecabbagelooper, Trichoplusiani wasinvestigatedin
this study. Differencesin bioactivity werecomparedfrom different locationsin Ambon
(Maluku), Indonesiaandsurroundingareas.S.litura is oneof themajorlepidopteranpests
of tobaccoin Sumatra,but it is an importantpestalsoon othercropssuchasgroundnuts,
potatoes,onionsandcabbage(15). T. ni is apolyphagouslepidopteranpestnative to North
America.Thisspeciesis notpresentin Indonesiabut othercloselyrelatedspeciesof looper
suchasPlusia signataare importantpestson somevegetablecrops(15). Screeningfor
biologicalactivity of theextractswasthepurposeof thisstudy. Therefore,it wasimportant
to test themon asmany speciesaspossible. The easeof rearingandavailability of the
insectsdeterminedtherationalefor their usein this study.

MATERIALS AND METHODS

Plant extracts Thirty-eight plant samples(seeds)of A. muricata, A. squamosa, L.
domesticumand S. koetjapewere collectedfrom different locations in different years
(1996–99)in Maluku, Indonesia.Seedswerepooledfrom different treesfrom the same
location.Voucherspecimensareheldin theHerbariumBogoriense,Bogor, Indonesia.The
seedswereair-dried,groundwith acoffeegrinder, and100g of eachsamplewasextracted
with 95%ethanol(5 � 200ml) over5 daysby soaking.Theextractswerevacuum-�ltered
(WhatmanNo. 1) andreducedin vacuousinga rotaryevaporator. Thedriedextractswere
resuspendedin a smallvolumeof 95%ethanolandtransferredto pre-weighedvials. After
evaporationof theethanolin thefumehood,thevialswerere-weighedto determineextract
weight.

Insects Asian armyworms (S. litura) and cabbageloopers(T. ni) used in this study
were obtainedfrom laboratoryculturesrearedon arti�cial diet (F9796, Bioserv, Inc.,
Frenchtown, NJ, USA) and maintainedat 22� 1 � C and a photoperiodof 16L:8D. A
laboratory-rearedcolony of S. litura has beenmaintainedat the University of British
Columbiafor 7 years.Theoriginal colony wasstartedfrom insectsprovidedby Hokkaido
University, Japan,andhasbeensupplementedwith insectsfrom SeoulNationalUniversity,
SouthKorea. A laboratorycolony of T. ni hasbeenmaintainedfor over 12 years. The
original colony wasstartedwith pupaeprovidedby SaferLtd. (Victoria,B.C.,Canada).
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Screeningbioassays Extractswerescreenedfor growth inhibitory effectson neonateS.
litura via a chronicgrowth bioassay. Ethanolicseedextractswere incorporatedinto the
arti�cial diet at concentrationsof 0.025%f.wt (250 ppm) and0.5%f.wt (5000ppm) for
A. squamosaandtheothersspecies,respectively, by themethodof IsmanandRodriguez
(11). Concentrationsweredeterminedfrom preliminaryexperiments.Controldietswere
treatedwith carriersolvent (ethanol)alone. Two newly hatchedneonateswereplacedin
an individual cell in a plasticassaytray with approximately1 g of treatedor controldiet
(n=20).Larvaeweremaintainedin agrowthchamberat26� Candaphotoperiodof 16L:8D.
After 3 days,oneof the two larvaewasremoved, leaving onelarva percell (20 larvaein
total). Thiswasto ensurethattherewasone,healthy larvapercompartment.Larvalweights
weredeterminedindividually after10daysandcomparedto larvaefedon controldiet, the
meanweight for eachextract expressedasa percentageof controls. Seedextractsfrom
� ve differenttreesof A. squamosacollectedfrom Namleain 1999weretestedfor growth
inhibitory effectagainstS.litura (0.025%f.wt or 250ppm)aswell asagainstT. ni (0.01%
f.wt or 100ppm),andthisexperimentwasdonetwice.

Doseresponsebioassays Seedethanolicextractsof A. squamosacollectedfrom Namlea
(1996),which showed the most inhibitory effect (Table1), wereusedfor doseresponse
experiments.Thechronicgrowth bioassaywascarriedout usinga seriesof � ve different
concentrationsof extractsoneachinstarof S.litura to investigatewhetherdifferentinstars
differ in their susceptibilityto theextracts.Ethanolicseedextractswereincorporatedinto
arti�cial diet at the following concentrations:10, 25, 50, 100, 150 ppm for 1st and2nd
instars;50, 100, 250, 500, 750 ppm for 3rd instars;and250, 500,750, 1000,2000ppm
for 4th and 5th instars. Control diets were treatedwith carrier solvent (ethanol)alone.
Bioassayswereperformedusingneonatesasdescribedabove. Bioassayswith otherinstars
(2nd,3rd, 4th and5th) werecarriedout asfollows. Freshlymoltedinsectswerecollected
andthebioassaysconductedasbefore,with oneinsectpercell (n=20). Eachexperiment
proceededuntil thecontrollarvaereachedlate5th/early6th instar(this is thestagereached
after10 days,startingwith neonates).For 2ndinstars,this amountedto 7 days,3rd instar
- 6 days,4th instars- 4 daysand 5th instars- 3 days. Insectswere weighedafter this
time andlarval weightswerecomparedto larvaefed on controldiets.TheEC�
� (effective
concentrationto inhibit growth by 50%relativeto controls)wascalculatedby extrapolating
from thelinearregressionequation.

Data analysis Growth inhibitory effect data were subjectedto Analysis of Variance
(ANOVA) onthebasisof theactualnumbersobservedif thevariancesof thesamplemeans
weredeterminedto behomogeneous.Differencesamongtreatmentmeanswereanalyzed
usingtheLeastSigni�cant Difference(LSD) test(SAS1999),anddoseresponsedatawere
analyzedusinglinearregressionin MicrosoftExcel1997.

RESULTS

Screeningbioassays Extractsof bothA.squamosa(sweetsop)andA.muricata(soursop)
exhibited bioactivity againstS. litura. Extractsof A. squamosaresultedin larval growth
of 8–67%comparedto controls(Table1), whereasA. muricatashowed larval growth of
18–96%(Table2). Extractsof A. squamosawerescreenedat a dietaryconcentrationof
250 ppm againstS. litura, viz., 20 timeslessthanthe concentrationof A. muricataused.
Thereweresigni�cant differencesin growth inhibition amongtheextractsof bothspecies

32 J.A. LeatemiaandM.B. Isman



collectedfrom differentlocationsandyears(Tables1 and2). A. squamosacollectedfrom
Namleayieldedextractswith thegreatestinhibitory activity, but therewasvariationamong
threedifferentyearsof collection(Table1).

TABLE 1. Growth inhibitory effectof crudeethanolicseedextracts� of Annonasquamosa(sweetsop)
from differentlocationsandyearsof collectionon neonateSpodoptera litura (testedat 250 ppm =
0.025%f.wt; n=20)

Location(village, island,year) Larval growth (% relative to control),
mean� S.E.

Namlea,� Buru,1996 8.3� 2.8a�
Namlea,Buru,1999 15.9 � 2.4ab
Kate-Kate,Ambon,1997 23.7 � 4.9abc
Latuhalat,Ambon,1996 32.4 � 4.2bcd
Kudamati,Ambon,1997 33.7 � 6.9cd
Namlea,Buru,1998 42.4 � 7.5de
Batugantung,� Ambon,1997 42.8 � 6.1de
Batugantung,Ambon,1998 45.6 � 4.3def
Batugantung,Ambon,1999 47.2 � 9.0def
Tantui,Ambon,1997 55.2 � 6.1efg
Batugantung,Ambon,1996 59.8 � 6.3fg
NegeriLama,Ambon,1996 66.9 � 7.2g

� Theextractswerefrom seedsof mixedtreeorigin.
� Seedswerecollectedfrom adifferentbatchof treeseachyearatNamlea.
� Meansfollowed by a commonletter do not differ signi�cantly at P � 0.05by the LeastSigni�cant Difference
(LSD) test.
� Seedswerecollectedfrom thesametreeseachyearatBatugantung.

Fig. 1. Tree-to-treevariation in bioactivity of crudeethanolicseedextractsof Annonasquamosa
(Namlea,1999)on larval growth of Spodoptera litura (250ppm;solid columns)andTrichoplusiani
(100ppm; opencolumns)(n=40). P indicatespooledextractsfrom trees1–5. Within eachspecies,
meansfollowed by the sameletter do not differ signi�cantly at P � 0.05 by the LeastSigni�cant
Difference(LSD) test.
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Therewere also signi�cant differencesin larval growth for both S. litura and T. ni
amongextractsof A. squamosacollectedfrom differenttreesat onelocationat the same
time (Fig. 1). A pooledextractshowedsigni�cantly moreinhibitory effect (larval growth
of 20%) thanmostsingle-treeextracts(larval growth of 45–55%)(Fig. 1). Extractswere
testedagainstS.litura at250ppm,whichwas2.5timeshigherthantheconcentrationtested
againstT. ni.

Extractsof L. domesticumand S. koetjapewere relatively ineffective, resulting in
78–118%and 49–97%larval growth (Table 3), respectively. Therewere no signi�cant
differencesbetweenlocationsof collectionfor eachspecies(Table3).

Doseresponsebioassays Larval growth wassigni�cantly reducedin a dose-dependent
manner, whendifferentlarval instarsof S.litura werefed on arti�cial diet containingseed
extractsof A. squamosa. We found that the �rst two instarswereequallysensitive to the
extract (EC��� s of 192 and 202 ppm, respectively). The 3rd and 4th instarswere much
lesssensitive (EC��� s of 533 and705 ppm, respectively) andthe 5th instarwasrelatively
insensitive (EC�
� of 1708ppm)(Table4).

TABLE 2. Growth inhibitory effect of crudeethanolicseedextracts� of Annonamuricata(soursop)
from differentlocationsandyearsof collectionon neonateSpodoptera litura (testedat 5000ppm=
0.5%f.wt; n=20)

Location(village, island,year) Larval growth (% relative to control),
mean� S.E.

Kusu-Kusu,Ambon,1999 17.8 � 2.8a�
Mamala,Ambon,1996 18.3 � 4.2a
Diponegoro,Ambon,1999 20.4 � 4.0a
Amahusu,Ambon,1999 20.7 � 3.4a
HativeBesar, Ambon,1999 25.0 � 4.2ab
Amahusu,Ambon,1996 31.1 � 9.4abc
HativeBesar, Ambon,1996 34.2 � 6.4abc
Piru,Ceram,1996 36.7 � 5.9abcd
Namlea,Buru,1997 41.9 � 9.1bcd
Wasu,Haruku,1997 46.7 � 5.6cd
Waii, Ambon,1996 50.0 � 6.7cd
Latuhalat,Ambon,1996 54.7 � . 6.5de
Kamarian,Ceram,1997 69.2 � 7.0ef
Tuhaha,Ambon,1996 69.4 � 8.2ef
Wakal,Ambon,1996 75.8 � 7.5f
Kilang, Ambon,1997 79.7 � 6.7fg
Batugantung,� Ambon,1997 83.5 � 9.9fg
KayuPutih,Ambon,1996 95.9 � 8.5g
Wainitu,Ambon,1996 96.0 � 9.1g

� Theextractswerefrom seedsof mixedtreeorigin.
� Meansfollowed by a commonletter do not differ signi�cantly at P � 0.05by the LeastSigni�cant Difference
(LSD) test.
� Seedswerecollectedfrom thesametreeseachyearatBatugantung.

DISCUSSION

Screeningof ethanolicseedextractsof two speciesof Annonafrom Indonesiashowed
thatbothpossessbioactivity againstS. litura. However, A. squamosa(sweetsop)was20-
fold moreactivethanA.muricata(soursop)(Tables1 and2). Ourresultsarecomparableto
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TABLE 3. Growth inhibitory effect of crude ethanolic seedextracts of Lansium domesticum
and Sandoricumkoetjapecollectedin 1997 from four different locationsin Ambon on neonate
Spodoptera litura (testedat 5000ppm= 0.5%f.wt; n = 20)

Location Larval growth (% relative to control),
mean� S.E.�

Lansiumdomesticum
Kusu-kusu 77.6 � 16.8
Kilang 112.2 � 37.7
Amahusu 116.1 � 32.4
Soya 117.7 � 34.9
Sandoricumkoetjape

Tantui 48.8� 7.0
Galala 73.4� 14.2
Soya 97.4� 33.2

� Within species,nosigni�cant differenceatP � 0.05(LSD test)betweenmeans.

TABLE 4. Effect of crudeethanolicseedextractsof Annonasquamosaincorporatedinto arti�cial
diet ondifferentlarval instarsof Spodoptera litura �

Larval instar EC��� (ppm)� r valueof regression
1st 191.7 0.87
2nd 202.0 0.94
3rd 533.1 0.98
4th 704.9 0.70
5th 1707.5 0.94

� Regressionlineswerecalculatedfrom � vepoints,n=20for eachpoint.
� EC��� = effectiveconcentrationto reducelarval growth by 50%relative to thecontrolafter10daysof feeding.

thoseof Prijonoetal. (24),whichshowedthatacetonicseedextractsof A. squamosawere
about30-fold moreactive thanthoseof A. muricataagainstthecabbageheadcaterpillar,
Crocidolomia binotalis. The insecticidalactivity of the seedextracts of A. squamosa
is attributable to annonins(i.e., annonin I = squamocin),adjacentbis-tetrahydrofuran
(THF) ring acetogenins(28),whereasthatof A. muricatais attributableto mono-THFring
acetogeninstypi�ed by annonacin(26). Structure-activity relationship(SAR) studieshave
shown thatacetogeninshaving two THF ringsaremorepotentthanthosehaving only one
andtheadjacentbis-THFacetogeninsarethemostpotentones(1,16,23).This SAR may
explain the muchlower activity of soursopcomparedto sweetsopseedextractsobserved
in thisstudy. Wedid notanalyzetheseedsfor theiracetogenincontentsdueto dif�culty in
quantitationof thesecompoundsby normalmeans,becausethey lackchromophores.

Thesweetsopextractscollectedfrom Namleaproducedthemostinhibitory effect but
therewasvariation(� ve-fold)amongthreedifferentyearsof collection(Table1). Extracts
collectedfrom differenttreesatonelocationandat thesametimealsoshowedintraspeci�c
variationwith respectto inhibitory effect againstS.litura andT. ni. Overall, T. ni was2.5
timesmoresusceptiblethanS. litura (Fig. 1). Isman(9) reportedthat different insects
showed wide differencesin their susceptibilitiesto the natural insecticideazadirachtin.
Extractsfrom pooledtreesweresigni�cantly moreactivethanthosefrom mostsingletrees
(Fig. 1). Therewas geographicvariationamongthe extractsof both species(Tables1
and2). Similar variability wasreportedby Johnsonet al. (13), who found between-tree
variationsin twig extractsof the paw-paw tree(Asiminatriloba, Annonaceae)aswell as
monthly variationswithin a singletree. As naturalproducts,theseextractsaresubjected
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to environmental(i.e., typeof soil, soil nutrients,temperature,humidity)aswell asgenetic
factors,whichcouldberesponsiblefor thisvariability. However, in thepresentstudywedid
not collect speci�c environmentaldatafrom which any inferencesregardingtheir effects
onpatternsof toxicity couldbedrawn.

Ethanolicseedextractsof L. domesticumandS.koetjapeyieldedminimalbioactivity at
5000ppmagainstS.litura (Table3). Theseresultscontrastwith previousscreeningresults
(21) that showed that ethanolicseedextractsof L. domesticumand S. koetjapeat 2000
ppmresultedin 99%larval growth inhibition in Spodoptera frugiperda. Variability among
individualsof thesametreespeciesanddifferencesin sensitivity of testspeciesusedcould
accountfor thesedifferences.Unlikesweetsopandsoursop,thereis limited localvariation
in bioactivity of seedextractsof bothL. domesticumandS.koetjape(Table3), but thismay
bedueto thesmallnumberof differentlocationsfrom whichcollectionsweremade.

Extractsof A. squamosacollectedfrom Namleain 1996andtestedon differentlarval
instarsof S. litura showed negative growth correlatedwith dietaryconcentration.Dose-
responseexperimentsshowed that the �rst two larval instarsof S. litura were equally
sensitive to the extracts. The 3rd and 4th instarswere much lesssensitive and the 5th
wasrelatively insensitive to theextracts(Table4). Theageof theinsectsshouldtherefore
beconsideredwhentestinginsecticidalactivity of any compoundor extract.

The presentstudy showed that crude seedextract of A. squamosais a promising
candidateasa botanicalinsecticide. Simplemethodsfor preparationof the extractsand
their toxicity to thediamondbackmothPlutellaxylostellaL. andnaturalenemieshavebeen
investigated,andtheef�cacy of aqueousextractsin thegreenhouseagainstdiamondback
mothlarvaehaveshown promisingresults(LeatemiaandIsman,unpub. data).
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