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ABSTRACT

Betulinic acid, a secondary metabolite isolated from Ziziphus jujuba was evaluated for its effect on the
feeding deterrence in relation to food utilization at concentrations of 50, 100, 150, 200ppm against the
fourth instar larvae of Papilio demoleus following a non choice leaf disk method. Significant reduction in
food consumption and digestion was observed which reduced the growth of larvae. The efficiency of the
larvae to convert digested and ingested food into body tissues was observed. The antifeedant activity of
Betulinic acid proved to be the most potent against all developmental stages of Papilio demoleus with
antifeedant activity percentage between 90-95 at 200ppm in first 24hrs and between 80-85% after 48hrs
exposure. Significant antifeedant activity found in 200ppm concentration was 94.04%. This plant extract
has the potential to serve as an alternate biopesticide in the management of Papilio demoleus larvae.
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INTRODUCTION

Current world population is expected to reach 10.5 billion by 2050 (UN March, 2011), further adding to
global food security concerns. According to Alexandratos and Bruinsma (2012), food supplies would
need to increase by 60% in order to meet the food demand in 2050. Food availability and accessibility can
be increased by increasing production, improving distribution, and reducing the losses. Food and
Agriculture Organization of U.N. predicts that about 1.3 billion tons of food is globally wasted per year
(Gustavasson et al., 2011). Reduction in these losses would increase the amount of food available for
human consumption and enhance global food security, In addition, crop production contributes significant
proportion of typical incomes in certain regions of the world and reducing food loss can directly increase
the real incomes of the producers (World Bank, 2011).

The production in agriculture is reduced by losses as high as 45% before or after harvesting due to attack
of a variety of pests, including insects, nematodes, virus and bacteria induced diseases and competition by
weeds. An estimated one third of global agricultural production valued at several billion dollars is
destroyed annually by over 20,000 species of insect pests in field and storage (Mariapackiam and
Ignacimuthu, 2008). Insect pests play a major role in damaging the crops and hence there is a need to use
efficacious control agents. Chemical pesticides play a significant role in increasing agricultural
production by controlling the insect pests. However, synthetic insecticides possess natural toxicities that
affects on elimination of existing natural enemies and pollution of soil, water, air, food, health of farmers,
consumers and the environment. Fox et al., (2007) observed that most of the chemical insecticides
containing pentachlorophenol (PCP) caused the strongest inhibition for symbiotic nitrogen fixation
resulting in the lowest plant yields and also seed germination. The injudicious use of synthetic pesticides
can lead to secondary outbreaks of pests that are normally under natural control, resulting in their rapid
proliferation. There have also been cases of pests becoming tolerant to insecticides, resulting in the use of
double and triple application rates. The threats posed by chemical pesticides demand an urgent search for
an environmentally safer alternative method of crop protection.

Several scientists are working to protect the crops from insect infestation by indigenous plant materials.
Hence search for viable and sustainable alternatives to synthetic pesticides is given priority. More than
2,000 species of plants are known to possess insecticidal properties (Klocke, 1989). Plants are rich
sources of natural substances that can be utilized in the development of environmentally safe methods for
insect control (Sadek, 2003). Numerous plant species have been identified as possessing pesticidal
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properties and have shown potential as alternative to chemical pesticides(Kaushik and Kathuria, 2004).
Plants are endowed with a potential to produce a range of secondary metabolites like alkaloids,
terpenoids, flavonoids, phenols, glycosides, sitosterols and tannins. These phytochemicals are known to
protect the plants from the attack of insect-pests (Ahmad, 2007). The action of the plant derived
compounds on pest insects is exerted through many ways such as antifeedant (Raja et al., 2005),
larvicidal (Kabaru and Gichia, 2001), ovicidal and oviposition deterrent (Pavunraj et al., 2006), repellent
(Schmutterer, 1995) and others. Some botanicals have an effect on juvenile hormone and ecdysone
actions; they also have substances that disrupt insect growth by antagonizing juvenile hormone action
(Williams et al., 1986).

Citrus is an important tropical fruit, it has been traditionally cultivated in home gardens modern
plantations (Saljoqi et al., 2006) and is used in food industries, pharmaceuticals, perfumes, cosmetics and
aromatherapy. A number of insect pests attack citrus plants both in the nurseries as well as in the orchards
inflicting heavy economic losses. Some of the most serious pests of citrus includes citrus caterpillars (P.
demoleus and P. polytes), citrus psylla (Saljoqi et al., 2006). In the present study Papilio demoleus L. was
selected as test species to evaluate the antifeedant activity by using the plant product Betulinic acid. The
lemon butterfly is one of the economically important pests whose larval forms cause serious damage to
foliage of Rutaceae during the later stages of their development. The genus Papilio is widely distributed
all over the world, is the most prevalent species and was found in greater parts of Asia, Farmosa and
Japan etc.

MATERIAL AND METHODS

Test Insect

Papilio demoleus L., commonly known as the lime or citrus swallowtail. It is a beautiful black yellow
butterfly and has a successful dispersal and becoming a major pest of citrus plantations throughout Asia
(Eastwood et al., 2006) causing significant economic losses. The insect has been reported to feed on
every citrus cultivars and varieties thus it has the potential to become a major pest in area where it has
been reported.

Collection of Larvae and Maintenance

Eggs and the larvae of Papilio demoleus were initially collected from the Garden of Citrus species,
Larvae were reared in the Petri plates and kept in a wooden box (20” x 20” x 20”) having wire-netted
sides and top. Temperature was maintained at 27°c + 2°c and relative humidity was 70% = 5%. The
larvae were fed on fresh leaves of citrus. The completely grown larvae, about to pupate were sorted out
and placed in a separate glass dish at room temperature.

Plant Material

Betulinic Acid (C30H4303)

Betulinic acid was an important compound isolated from bark of Ziziphus Jujuba. It’s medicinal benefits
are mentioned in Ayurveda and Chinese Medicine.
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Betulinic acid, a triterpenoid found in many plant species, has attracted attention due to its important
pharmacological properties, such as anti-cancer (Kumar et al., 2010) and anti-HIV activities (Theo et al.,
2009), anthelmintic activity (Enwerem et al., 2001), antifeedant activity(Chandramu et al., 2003). It also
exhibits antibacterial (Woldemichael et al., 2003), anti- inflammatory (Recio et al., 1995) and anti-
malarial (Bringmann et al., 1997) properties.

For conducting the present experiments Betulinic acid was supplied from Department of Chemistry,
Natural Chemistry Lab, Osmania University, Hyderabad.

Preparation of Test Concentration

Acetone was used as the solvent in preparing the test solutions, since the solubility of the test compounds
was very high in acetone. 1% stock solution was prepared using acetone and 200ppm, 150ppm, 100ppm;
50ppm concentrations were prepared from the stock by dilution method

Antifeedant Activity

Antifeedant activity of the Betulinic acid was studied using leaf disc no-choice method. Different
concentrations of plant product were prepared by dissolving in acetone and tested against Papilio
demoleus larvae. Fresh citrus leaf discs of 36.5sg.cm diameter were punched using cork borer and dipped
in 50ppm, 100ppm, 150ppm, and 200ppm concentrations of Betulinic acid individually of isolated
compound. Betulinic acid was used as positive control, leaf discs treated with acetone and without solvent
were considered as negative control. After air-drying, each leaf disc was placed in petridish containing
wet filter paper to avoid early drying of the leaf disc and single 2 hrs pre-starved fourth instar larva of
Papilio demoleus was introduced into petridishes containing the respective leaf discs. For each
concentration 10 replicates were maintained. Progressive consumption of leaf area by the larva after 24
hrs and 48hrs of feeding was recorded in control and treated discs using Leaf area meter. Leaf area
consumed in plant extract treatment was corrected from the control. The percent antifeedant index was
calculated using the formula of Ben et al., (2000).

Leaf area consumedin control - Leaf area consumed in treatment
Antifeedant activity = e e *100
Leaf area consumed in control + Leaf area consumed in treatment

Statistical Analysis

Antifeedant activity was analyzed using one way ANOVA. Significant differences between treated and
control groups were determined. The results are expressed as Mean + SD and data was statistically
analyzed with the level of significance set at p<0.05 using SPSS software.

RESULTS AND DISCUSSION

Table 1: Mean and SD of undamaged leaf area (sg.cm) and antifeedant activity with different
concentration treatments of Betulinic acid

Conc. in No of Mean * SD Mean = SD Antifeedatnt Antifeedatnt

ppm Insects After 24 hrs After 48 hrs activity after activity after
24hrs 48hrs

200 10 35.09 £ 0.66* 31.54+£0.87* 94.04 86.78

150 10 32.68 £ 0.93* 28.45+0.65*  84.63 79.40

100 10 28.84 £ 0.80* 25.56 £ 0.86*  71.40 73

50 10 25.32 £1.35* 19.99+1.41*  60.83 56.88

Control 10 19.74 + 0.89* 11.16 £ 0.50*  ------ -
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Antifeedants offer first line of crop protection against notorious insects. Any substance that reduces food
consumption by an insect can be considered as an antifeedant or feeding deterrent. In general,
antifeedants have profound adverse effects on insect feeding behavior and do not kill the insect pests
directly, but rather limit its developmental potential considerably and act as a phagodeterrent or
phagorepellent. However, the most effective insect feeding inhibitors come from terpenoids, alkaloids,
saponins and polyphenols (Koul, 2005). The present study findings were presented in the Table 1. Among
all the tested concentrations, the 200 ppm exhibited significant antifeedant activity. In the first 24hrs the
antifeedant activity recorded was 94.04% and after 48hrs 86.78%. In 200ppm exposure the average
protected leaf area was 35.09 + 0.66 sg.cm in first 24hrs and after 48hrs it was 31.54 + 0.87sg.cm. The
result showed that when the concentration of Betulinic acid increased the food consumption was
decreased. The antifeedent activity of the plant extract might be due to the presence triterpenoid and
alkaloids. The similar results were also observed by Sahayaraj et al., (2003).

Most potent insect’s antifeedants are sesquiterpene lactones, diterpinoids, triterpinoids, quinoline and
indole alkaloids, they enhance the feeding deterrent activity against pests (Baskar et al., 2009). In the
present study Betulinic acid exhibited 84.63% and 79.40% antifeedant activity after 24hrs and 48hrs
respectively against the fourth instar larvae of Papilio demoleus at 150ppm concentration. Undamaged
leaf area was measured at 150ppm and it was 32.68 + 0.93 sg.cm and 28.45 + 0.65 sq.cm after 24hrs and
48hrs respectively. The present investigation showed that Betulinic acid was found to be an effective
antifeedant agent against Papilio demoleus larvae. It may have made food unpalatable or the substances
directly acted on the chemosensilla of the larvae, resulting feeding deterrence due to synergistic effect.
Feeding deterrent activity against S. litura was reported by Lingathurai et al., (2011).

Betulinic acid as a class of pre ingestive compounds affecting gustatory receptors and evoke rejection of
plant material. At 100ppm concentration the test compound showed moderate antifeedant activity in the
first 24hrs where it was 71.40% and after 48hrs 73% respectively. The protected leaf area also measured
after 24hrs and 48 hrs was 28.84 + 0.80 sq.cm and 25.56 + 0.86 sq.cm respectively. Messchendorp (1998)
described antifeedants as compounds that inhibit feeding by sensory perception i.e. giving plant material
an unpalatable taste, and may also reduce feeding by toxic, post ingestive effects. The reduced feeding
intensity of L. dispar larvae on leaves treated with the extracts of Hippocastanum reported by Gvozdenac
et al., (2011). Betulinic acid is an active ingredient isolated from bark of Ziziphus Jujuba. Previously it
has been showed to produce an antifeedant effect on Spodoptera litura (F) by Samba et al., (1998). In the
present study even in a low concentration of 50ppm, the antifeedant activity was 60.83 % and 56.88%
after 24hrs and 48hrs respectively and protected leaf area also measured, in the first 24hrs it was 25.32 +
1.35 sg.cm and after 48hrs 19.99 + 1.41 sqg.cm. At a low concentration of Betulinic acid stimulation of a
specialized deterrent receptor disrupted the normal function of chemoreceptors responsible for perceiving
glucosinolates, a strong phagostimulant for this lepidopteran pests. These findings concur with past
studies in which T. vogelii leaves and seeds have been reported as a source of rotenoids, including
rotenone, tephrosin, and deguelin, known to possess strong feeding deterrent activity (Ogendo, 2008).
Concusion

This present study reveals that Betulinic acid can potentially be used as eco friendly biopesticide to
control the damage caused by larva of Papilio demoleus. The Betulinic acid also replaces the synthetic
pesticides since it is safer to the environment and biodegradable in nature. It can also be used for the
development of new insecticidal formulation for the management of field pests.

ACKNOWLEDGEMENT
The authors are thankful to Prof. T.L.N. Swamy, Principal, Nizam College (Autonomous) Osmania
University for extending lab facilities and for his encouragement.

REFERENCES
Ahmad M (2007). Insecticide resistance mechanisms and their management in Helicoverpa armigera
(Hibner) a review. Journal of Agricultural Research 45 319-335.

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm
2014 Vol. 4 (4) October-December, pp.43-48/Vattikonda et al.

Research Article

Alexandratos N and Bruinsma J (2012).World agriculture towards 2030/2050: the saving water. From
Field to Fork-Curbing Losses and Wastage in the Food Chain 2012 revision FAO. ESA 12(3) 4.

Baskar K, Kingsley S, Vendan SE, Paulraj MG, Duraipandiyan V and Ignacimuthu S (2009).
Antifeedant, larvicidal and pupicidal activities of Atalantia monophylla (L.) Correa against Helicoverpa
armigera (Hubner) (Lepidoptera: Noctuidae). Chemosphere 75 355-359.

Ben Jannet H, Skhiri HF, Mighri Z, Simmonds MSJ and Blaney WM (2000). Responses of
Spodoptera littoralis larvae to Tunisian plant extracts and to neo-clerodane diterpenoids isolated from
Ajuga pseudoiva leaves. Fitoterapia 71(2) 105-112.

Bringmann G, Saeb W, Assi LA, Francois G, Narayanan ASS, Peters K and Peters EM (1997).
Betulinic Acid Isolation from Triphyophyllum peltatum and Ancistro- cladus heyneanus, Antimalarial
Activity, and Crystal Structure of the Benzyl Ester. Planta Medica 63(3) 255-257.

Chandramu C, Manohar RD, Krupadanam DG and Dashavantha RV (2003). Isolation,
Characterization and Bio- logical Activity of Betulinic Acid and Ursolic Acid from Vitex negundo L.
Phytotherapy Research 17(2) 129-134.

Eastwood R, Boyce SL and Farrell BD (2006). The provenance of Old World swallowtail butterflies,
Papilio demoleus (Lepidoptera: Papilionidae), recently discovered in the New World. Annals of the
Entomological Society of America 99(1) 164-168.

Enwerem NM, Okogun JI, Wambebe CO, Okorie DA and Akah PA (2001). Anthelmintic Activity of
the Stem Bark Extracts of Berlina Grandiflora and One of Its Active Principles, Betulinic Acid.
Phytomedicine 8(2) 112-114.

Fox JE, Gulledge J, Engelhaupt E, Burow ME and McLachlan JA (2007). Pesticides reduce
symbiotic efficiency of nitrogen-fixing rhizobia and host plants. Proceeding of National Acadamic
Science 104 10282-10287.

Gustavasson J, Cederberg C, Sonesson U, Van Otterdijk R and Meybeck A (2011).Global Food
Losses and Food Waste: Extent Causes and Prevention Rome. Food and Agriculture Organization (FAO)
of the United Nations.

Gvozdenac S, Indi¢ D, Vukovi¢ S, Grahovac M, Indi¢ I, Tanaskovi¢ S and Sretenovi¢ D (2011).
Antifeedant potential of plant extracts on Lymantria dispar L. (Lymantriidae)larvae. Abstracts 7th MGPR
International Symposium Paolo Cabras. Pesticides in Food and the Environment in Mediterranean
Countries, Thessaloniki, Greece 77.

Kabaru JM and Gichia L (2001). Insecticidal activity of extracts derived from different parts of the
mangrove tree Rhizophora mucronata (Rhizophoraceae) Lam. Against three arthropods. African Journal
of Science and Technology (AJST), Science and Engineering Series 2 44-49.

Kaushik N and Kathuria V (2004). Helicoverpa (Heliothis) and botanical pesticides: An overview. In:
Advances in Plant Protection Sciences, edited by Prasad D and Singh A (Akansha Publishing House)
Darya Ganj, New Delhi, India 156-166.

Klocke JA (1989). Plant compounds as source and models of insect control agents. In: Economic and
Medicinal Plant Research (Academic Press) London 103-144.

Koul O (2005). Insect Antifeedants (CRC Press) Bota Racon.

Kumar D, Mallick S, Vedasiromoni JR and Pal BC (2010). Anti-Leukemicactivity of Dillenia indica
L. Fruit Ex- tract and Quantification of Betulinic Acid by HPLC. Phytomedicine 17(6) 431-435.
Lingathurai S, Vendan SE, Paulraj MG and Ignhacimuthu S (2011). Antifeedant and larvicidal
activities of Acalypha fruticosa F. (Euphorbiaceae) against Plutella xylostella L. (Lepidoptera:
Yponomeutidae) larvae. Journal of King Saud University - Science 23(1) 11-16.

Mariapackiam S and Ignacimuthu S (2008). Larvicidal and Histopathological effects of the oil
formulation on Spodoptera litura. In: Recent Trends in Insect Pest Management, edited by Ignacimuthu S
and Jeyaraj S (Elite Publishing House Pvt. Ltd.) New Delhi.

Messchendorp L (1998). Terpenoid antifeedants against insects: a behavioural and sensory study.
Landbouw universiteit 136.

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm
2014 Vol. 4 (4) October-December, pp.43-48/Vattikonda et al.

Research Article

Ogendo JO (2008). Composition and Bioactivity of essential oils of Lantana camara L, Tephrosia
vogelii and Ocimum americanum L against major coleopteran pests of stored food grains. (Unpublished
PhDThesis) Egerton University, Njoro.

Pavunraj M, Subramanian K, Muthu C, Prabu Seenivasan S, Duraipandiyan V and Maria
Packiam S (2006). Bioefficacy of Excoecaria agallocha (L.) leaf extract against armyworm, Spodoptera
litura (Fab.) (Lepidoptera: Noctuidae). Entomon 31 37-40.

Raja N, Jeyasankar A, Jeyakumar V and Ignacimuthu S (2005). Efficacy of Hyptis suaveolens
against lepidopteran pests. Current Science 88 220-222

Recio MC, Giner RM, Manez S, Gueho J, Julien HR, Hostettmann K and Rios JL (1995).
Investigations on the Steroidal Anti-Inflammatory Activity of Triterpenoids from Diospyros leucomelas.
Planta Medica 61(1) 9-12.

Sadek MM (2003). Antifeedant and toxic activity of Adhatoda vasica leaf extract against Spodoptera
littoralis (Lepidoptera:Noctuidae) Journal of Applied Entomology 127 396 — 404.

Sahayaraj KP, Selvaraj and Raju G (2003). Evaluation of bio-pesticidal of property of Christella
parasitica and Ipomea cornea on Achae janata Linn. Journal of Applied Zoology 14 48-50.

Samba Murthy S, Amarjit Kaur and Raja SS (1998). Tobacco Caterpillar Antifeedent from the Gotti
Stem Wood Triterpene Betulinic Acid. Journal of Agricultural and Food Chemistry 46(7) 2797-2799.
Saljogi AUR, Aslam N and Rafi MA (2006). Biology and host preference of lemon butterfly (Papilio
demoleus L.) Environmental Monitoring and Assessment 6 40-43.

Schmutterer H (1995). The Neem Tree Azadirachta Indica A. Juss. and meliaceous plants Weinheim,
Germany (VCH Publishers).

Theo A, Masebe T, Suzuki Y, Kikuchi H, Wada S, Obi CL, Bessong PO, Usuzawa M, Oshima Y
and Hattori T (2009). Peltophorum Africanum, a Traditional South African Medicinal Plant, Contains an
Anti HIV-1 Constituent, Betulinic Acid. Tohoku Journal of Experimental Medicine 217(2) 93-99.

United Nations, Food and Agricultural Organization (2011).Global Food Losses and Food Waste-
Extent, Causes and Prevention. Rome.

Williams AL, Mitchell ER, Heath RR and Barfield CS (1986). Oviposition deterrents for fall
armyworm (Lepidoptera: Noctuidae) from larval frass, corn leaves and artificial diet. Environmental
Entomology 15 327-330.

Woldemichael GM, Singh MP, Maiese WM and Timmermann BNZ (2003). Constituents of
Antibacterial Extract of Caesalpinia paraguariensis Burk, Zeitschrift fur Natur for Schung C 58(2) 70-75.
World Bank (2011). Identification of appropriate postharvest technologies for improving market access
and incomes for small horticultural farmers in sub-Saharan Africa and South Asia. Alexandria VA,
March.

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)


http://pubs.acs.org/action/doSearch?ContribStored=Murthy%2C+S+S
http://pubs.acs.org/action/doSearch?ContribStored=Kaur%2C+A
http://pubs.acs.org/action/doSearch?ContribStored=Raja%2C+S+S

