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Summary and outline of this theses 

The increasing international trade in forest and wood products forests are increasingly 

being affected for the introduction of exotic wood-boring beetles. Among it most important 

species present in Chile is found golden-haired bark-beetle, H. ligniperda (Coleoptera: 

Curculionidae). It was first detected in the mid 1980s and can be present throughut region with P. 

radiata plantations. Currently, the invasive exotic species cost millions of euros every year from 

all exporting countries. To cope with these problems the forestry industry has used widely methyl 

bromide pesticide for the fumigation of forest product export. On the other hand, international 

environmental organism has banned its use for the next decade becaue it is considered an ozone-

depleting substance. Hence, research to find controlling alternative treatments are urgently 

needed prioritizing the use of safe systems. One auspicious strategy for insect pest control is the 

use of feeding deterrent compounds due that this may act on the gustatory receptors inhibiting the 

consumption of food by herbivorous.  

The focus of the thesis was study pesticidal activity of C. parqui extracts obtained with 

different polarities of solvents. The thesis is composed of four parts: 

In Chapter I, detail a review of the literature related on H. ligniperda, antifeedants substances and 

pesticidal activity of C. parqui leaves for finish with hypothesis and general and specific 

objectives of the Thesis. 

In Chapter II of the thesis is related in the obtention the chloroform, ethyl acetate and n-butanol 

extracts (saponic extract) from C. parqui leaves and then evaluate the extracts on the feeding 

behavior of H. ligniperda adults, and 5th and 6th instar larvae. 

In Chapter III detail the analysis and identification of the active sub-fractions from chloroform 

fraction obtained from C. parqui leaves ethanol extracts using chromatography techniques. The 
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identification of active sub-fraction from C. parqui was obtained through antifeedant assays on 

H. ligniperda. 

In Chapter IV. Finally, the general conclusions of the work and the future perspective are 

presented. 
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1. Natural insecticides from plants 

 

Plants and insects, have co-evolved successfully overcome the various environmental 

pressures to which they have been subjected and have in turn developed a complex network of 

interactions between them to avoid each other defense systems (War et al. 2012; Wielkopolan 

and Obrępalska-Stęplowska 2016). Plant use various systemic responses to counteract attack 

by herbivorous insects including the development of morphological structures, secondary 

metabolites and proteins, that exhibits detrimental toxic, repellent and anti-nutricional effects 

on insects (Usha Rani and Jythsna 2011; War et al. 2012). In turn, insect respond to plant 

through of diverse and elaborated mechanisms of resistance, such as toxin avoidance, target-

site alteration, and detoxification that are enconded in the genomeof the insect. In addition, 

insects are associated with microbes that can modify plant defense responses and plants are 

associated with endophytes microorganism, which may elicit an insecticidal activity 

(Wielkopolan and Obrępalska-Stęplowska 2016). Thus, it is very important to consider the 

multiple factors that involve the interaction between plant and insects. They are a series of 

directly or indirectly mechanisms that affect the plant-insect interactions that are produced of 

manner constitutive or induced by plant through which they acquire a series of adaptive 

advantages (Hanley et al. 2007; war et al 2012.  

1.1. Direct defense 

Direct defenses are plant-specific characteristics that cause a detrimental effect on the biology 

of invasive herbivores, including development, growth and digestibility reduction. In addition, 

synergistic effect between the different components enhancing of plants defense system. 

Some of these modifications include wax, spines and thorns, trichomes, granular mineral into 

plant tissue and cell wall thickness and lignification which form the first physical barrier and 

secondary metabolites. It also includes compounds for chemical defense, such as secondary 
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metabolites (phenols, flavonoids, alkaloids and terpenoids, among other), proteins that reduce 

digestibility and anti-nutritional enzymes, which act as toxins affecting growth, development 

and digestibility in insects. Chemical defenses are considered an alternative environmentally 

friendly to replace or decrease use of toxic insecticides (Usha Rani and Jyothsna, 2010; Hare, 

2011; War et al., 2012; Pavela et al. 2016). 

1.1.1 Plant cuticle 

Structural barriers consist of the production of a protective coating on the surface of all tissues 

called the cuticle. The cuticle can be made up of cutin, suberin and waxes, forming a 

hydrophobic and impermeable layer on the wall of the epidermis cells that acts as a first line 

of defense against external aggressions Moreover, cuticle wax provides mechanical and visco-

elastic properties also it prevents the fusion of organs during plant development and in turn 

protects from environmental stress factors (Jeffre.1996; Jetter et al. 2006Chapman 2012).  

1.1.2 Spinescence 

Structural traits in plant include spines, thorns and prickles. It has been reported to defend the 

natural plants against several many insects (War et al. 2012) 

1.1.3 Trichomes 

Trichomes in plants play an important role against many insect pests and involve toxic and 

deterrent effects. Moreover, trichomes affects the ovipositional behavior, feeding and larvarl 

nutrition and dense trichomes affect the herbivory mechanically and interfere with the 

movement of insects on the plant surface, reducing their access to leaf epidermis (War et al. 

2012). 
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1.1.4. Secondary metabolites of botanical origin against insects 

Secondary metabolites are organic compounds that do not affect directly the normal growth, 

development or reproductions of organisms, but reduce the palatability of the plant tissues in 

which they are produced in response to the insect or microbes attack or can be stored as 

inactive forms and serving as attractants for pollinators and dispersing agents (War et al. 

2012). In the last decade, the applications of botanical pesticides became an important area of 

research in agriculture and plant breeding, due that are considered safe and low-cost 

alternative. Despite these benefits the number of natural insecticides is still extremely low 

(Pavela, 2016; Karkanis et al. 2020). One way that exists to preserve the insecticide activity of 

these natural compounds is through the development of adequate formulations, giving the 

producer to market the desired characteristics. In addition, extraction methods must be 

standardized (Pavela and Benelli. 2016; Karkanis et al. 2020). To date, there are several 

commercial botanical insecticides based on bioactive compounds such as azadirachtin, 

rotenone, nictine, pyrethins and essential oils of plants that have been registered in several 

countries (Karkanis et al. 2020). However, many authors have reported toxic effects on insect 

(Chapman 2012). Furthermore, secondary metabolites with insecticidal activity can act at 

different stages on the physiology of the insect Table 1.1. The known mode of action is those 

that affect a) the nervous system, as agonists of neurotransmitters or interfering with the 

channels involved in the tra nervous impulse transmission; b) inhibition of enzymes 

implicated in cellular respiration c) the endocrine system, acting as growth regulators d) DNA 

replication and e) the digestive process, by inhibiting the activity of hydrolytic enzymes 

(Miyoshi 1998; Wink 2003; Koul et al. 1996). 
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Table 1.1. Secondary metabolites with direct insecticidal activity. 

Metabolite Plant species Mode of action Reference 

Glucosinolates Brassicaceae Myrosinase‐dependent 

hydrolysis generates 

nitriles, thiocyanates that 

react with biological 

nucleophiles and modify 

proteins and nucleic 

acids  

Beekwilder et al. 

(2008) 

Barth and Jander 

(2006) 

Brown and Hampton 

(2011) 

Schweizer et al. 

(2013) 

Terpenoid Azadirachta 

indica 

Disruption of the 

endocrine system and 

inhibition of cell division 

Mordue Luntz et al. 

(1998) 

Hydroxamic acid Zea mays Unknown  Handrick et al. 

(2016) 

Indole Arabidopsis 

thaliana 

Unknown  Kettles et al. (2013) 

Amino acid All plant species Suppression of 

neurotransmission 

Hosie et al. (1997) 

Bown et al. (2002, 

2006) 

Flavonoid Arabidopsis 

thaliana 

Unknown  Onkokesung et al. 

(2014) 

Terpenoid Zea mays Unknown Schmelz et al. 

(2011) 

Terpenoid Taraxacum 

officinale 

Unknown  Huber et al. (2016) 

Amino acid Fabaceae Integration of 

D‐canavanine into 

Rosenthal et al. 

(1976) 

https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0179
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0101
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0132
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0115
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0023
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0023
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0024
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0189
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0231
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0120
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0222
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proteins Rosenthal (2001) 

Alkaloid Nicotiana 

tabacum 

Nicotiana 

attenuata 

Agonist for acetylcholine 

receptors, disruption of 

nervous system  

Gepner et al. (1978) 

Steppuhn et al. 

(2004) 

Katoh et al. (2005) 

Terpenoid Chrysanthemum 

cinerariifolium 

Inactivation of sodium 

channels along nerve 

cells 

Casida et al. (1983) 

Flavonoid Derris eliptica, 

Pachyrrhizus 

erosus 

Inhibition of 

mitocondrial respiration 

Dayan et al. (2009) 

Coumarin Artemisia annua Unknown Tripathi et al. (2011) 

Terpenoid Teucrium marum Unknown Eisner et al. (2000) 

 

On the other had, synthetic pesticides emerged out of the need to protect crops and livestock 

from pests. However, their indiscriminate use has caused a number of problems for food 

safety, the environment as it is considered toxic to non-target animals and the emergence of 

resistant pest populations. At the present, the most commonly used synthetic pesticides to 

control of herbivorous insect attack are from the chemical family carbamates, neonicotinoids, 

pyrethroids, organophosphates and phenyl-pyrazoles. An overview of their mode of action are 

presented in table1.2 (Kortbeek et al. 2019). 

https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0221
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0090
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0248
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0129
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0036
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0046
https://onlinelibrary.wiley.com/doi/full/10.1111/tpj.13773#tpj13773-bib-0263
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Table 1.2. Most important chemical insecticides based on their characteristics and mode of 

action 

Insecticide  Characteristics Mode of action 

organophosphates phosphorus esters e.g. 

parathion 

nervous system, 

acetylcholinesterase inhibition, 

disruption of electrical impulse 

across synapses 

carbamates carbamate esters e.g. 

carbofuran 

nervous system, acetylcholinesterase 

inhibitors (carbamylation) 

pyrethroids analogues of pyrethrin 

type I and II 

neurotoxins e.g. 

deltamethrin 

disrupt voltage-gated sodium channels of 

insect nerves 

phenyl-pyrazoles systemic insecticide 

e.g. fipronil 

blocking glutamate-activated chloride 

channel in insects, binds GABA receptors 

in the nervous system 

neonicotinoids systemic insecticide 

e.g. imidacloprid 

binds to nicotinic acetylcholine receptors 

1.2. Indirect Defense: 

The defensive response is mediated by the release of a blend of volatile substances that attract 

natural enemies of the herbivores (predators and parasites) and/or by providing food (e.g., 

extra floral nectar) and housing to enhance the effectiveness of the natural enemies (Dudareva 

et al. 2006; War et al. 2012). 



7 

1.3. Radiata pine plantations in Chile 

 

The Pinus radiata (D. Don), is a coniferous tree, native to the central coast of California, 

United States. This species was introduced in Chile in 1881 (Contesse, 1987), as an exotic 

species for commercial reforestation in degraded areas (Zarazaga and Lafuente, 2005; Hui-

quan et al. 2003). Forest plantations of P. radiata cover 1.2 million hectares, which represents 

55.8% of total plantations and approximately 2.1% of the total GDP (INFOR, 2019). At 

present, these plantations are established in several soil types and climate conditions of the 

country situated between Valparaiso and Los Lagos Regions (Gerding, 1991; Ruiz and 

Lanfranco, 2008). The forestry sector is the third largest export sector in Chile, after mining 

and the food industry. Therefore, the forestry activity plays a very important role in the 

country's economy, generating a high amount of foreign exchange, close to 5 billion dollars 

per year. However, this successful export scenario is affected by the presence of hylurgus 

ligniperda (bark beetle), considered by the forestry sector to be the main quarantine pest 

associated with the export of radiata pine lumber and logs, putting the commercialization of 

these wood products at risk (Lanfranco et al. 2002, 2004; Brockerhoff et al. 2006; Ruiz and 

Lanfranco, 2008). Moreover, this bark beetle is a vector for Ophiostoma, Grosmannia and 

Leptographium fungi agents implicated in root decline disease and blue-stain (Kim et al. 

2011).  

1.4. Red-haired pine bark beetle, Hylurgus ligniperda (Fabricius, 1787) 

Bark beetles (Coleoptera: Curculionidae: Scolytinae) are a diverse group of insects, 

comprising over 6,000 species worldwide and constitute among the most damaging pests for 

forest ecosystems in North America and Europe (Kirkendall et al. 1997). Some species of 

Bark beetle as H. ligniperda are considered one of the most relevant species present in Chile 

and distributed across a wide range of host trees between Valparaiso and Los Lagos Regions, 

throughout the range of Pinus radiata in Chile (Kinkendall, 2018; Raffa et al. 2008; Ayres 
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and Lombardero, 2000). The beetle was first recorded in Chile in 1985; it is presumed that it 

entered the country in wood packaging infested with this plague (Lanfranco et al. 2001a). H. 

ligniperda is a holometabolous insects in Chile present with three to four generations per year 

(Lanfranco et al. 2001b; Ruiz and Lanfranco, 2008), whereas in New Zealand, Canada and the 

rest of Europe present 1 or 2 generations per year (Faccoli, 2005).  

1.5. Systematic and morphological description 

The taxonomic position of H. ligniperda (Fabricius, 1787) (Latreille, 1802) 

PHYLUM: Arthropoda 

ORDER: Coleoptera 

SUBORDER: Polyphaga 

SUPERFAMILY: Curculionoidea 

FAMILY: Curculionidae 

SUBFAMILY: Scolytinae 

TRIBE: Eugnomini 

GENUS: Hylurgus 

SPECIES: Hylurgus ligniperda  

H. ligniperda adult is a small insect of approximately 4-6 mm long by 2 mm wide, without 

sexual dimorphism and adults are monogamous. The body is robust, elongated, cylindrical, 

dark brown to black, with abundant hairs of yellowish color on its elytra. The eggs are opaque 

white oval-shaped, approximately 1 mm. The larvae are thick, slightly curved, approximately 

7 mm long and 2 mm wide, without legs, with short and white hairs, the cephalic capsule of 

 

Figure 1. 1. H. ligniperda (Fabricius, 1787) 
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yellowish color. The pupa is white in color, approximately 1 cm long and 3 mm wide and the 

traces of the wings, head and legs are clearly distinguished (Bain, 1977).  The life cycle 

begins with a female colonizing a tree and excavete a wedding chamber within the bark of the 

host, adult beetle take flight after the emerge in order to colonise new areas (Cavey, 2000). 

The brood gallery, is initiated by the female, where it forms a short entry tunnel leading to an 

oblique nuptial chamber in the innermost bark. The host this beetle is restricted to Pinus spp. 

In Chile it is found mainly in P. radiata (Browne, 1968). The main type of damage in forest is 

from wood-staining and decay fungal associations that enter with the adults into the broad 

galleries (Tribe, 1991). In Chile, H. ligniperda adult attack the root collar of 1 or 2-year-old 

seedlings which can cause seedling’ s death (Figure 1D) (Cavey et al. 2000; Brockerhoff et al. 

2006). However, there is no official report about the economic loss caused by this damage. 

 

Figure 1.2. Damage caused by H. ligniperda in seedling plantations of P. radiata, images 

obtained from Ciesla (1993). (A) H. ligniperda adult; (B) Larvae inside bark (C) Cortical 

damage by H. ligniperda and/or H. ater on pine seedling; (D) Seedling plantations killed. 

Currently, exporting of Chilean forest products are fumiged with methyl bromide where 

international environmental organisms have banned its use for the next decade it is considered 

as ozone-depleting substance (Clare and George, 2006). In addition, the use of 

organophosphates, carbamates, and pyrethroids has low performance controlling this plague. 

(Yang et al. 2014). Hence, research to find controlling alternative treatments is urgently 

needed.
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1.6. Antifeedant subtances in plants 

Plants to counteract the detrimental effects against insects have development several 

mechanisms to defense through of production of specialized of secondary metabolites that can 

either be toxic, repellent, growth inhibitors or inhibit feeding rates of the insect (Kortbeek et 

al. 2019). To date, there are a variety of terms to mention the antifeedancy properties derived 

by plant natural product from plant which include (e.g., antifeedant compound, feeding 

deterrent, feeding rejectant, feeding suppressant, feeding inhibitor, gustatory repellent, 

phagodepressant) (Purrington, 2003). Insects are able to detect antifeedants subtances through 

taste chemoreceptors which act via molecular ligand interaction gustatory receptors might act 

on gustatory neurons by competitive/noncompetitive receptor block (Chapman, 2012). Other 

antifeedant substances are detected by dedicated gustatory neurons (deterrent cells) where, 

taste stimuli reach dendrites through terminal pore caused a direct stimulus (Schoonhoven, 

1992; Chapman, 2012). Activity of these neurons in response to appropriate stimuli would 

enhance or reduce feeding, respectively (Koul, 2008; Sandoval-Mojica and Capinera, 2010). 

Feeding behavior substances may be perceived by several chemoreception mecahnims, which 

include: i) stimulation of specialized deterrent receptors; ii) distortion of neurons that perceive 

phagostimulatory compounds; iii) excitation of broad-spectrum receptors; iv) changes in 

complex and subtle sensory codes; v) production of a highly abnormal impulse pattern 

(Sandoval-Mojica and Capinera, 2010).  

Currently, azadirachtin is a tetranortriterpenoid isolated from the seed kernels of Azadirachta 

indica A. Juss. Melia azadirachta (Meliaceae), commonly known as the Indian neem or 

Indian lilac (Butterworth and Morgan, 1968). This natural compound is a potent antifeedant 

substance that acts blocking feeding-stimulant receptors specifically on sugar-sensing cells 

which cause an incorrectly assess nutritional adequacy of treated host leaves (Purrington, 

2003). Azadirachtin, has been shown to inhibition or reduction of feeding in several orders as 
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Lepidoptera, Coleptera, Hemiptera and Orthoptera among other. (Isman, 2006; Koul, 2008; 

Chapman, 2012). Finally, antifeedants substances are useful tool in integrated pest 

management programs to control insect populations due them can protect plants from insect 

herbivory by making the host less palatable. (Sandoval-Mojica and Capinera, 2010; Kortbeek 

et al. 2019). 

1.7. Feeding deterrent activity of herbal plants from Solanaceae extracts 

The Solanaceae family comprises about 102 genera and over 3000 species native to the 

American continent tropical areas (Simpson, 2010). Plants from the Solanaceae family are 

economically and ecologically significant species including many important crops such as 

tomato, potato, eggplant and pepper (Wu and Tanksley, 2010). Pure substances as well as 

polar and non-polar extracts cause lethal and sublethal effects over several orders of 

herbivorous insects (Chowański et al. 2016). Among them, behavior effects convert to 

Solanaceae plants in a promising source of antifeedant compounds (Table 1.1), which 

including tropane, pyridine, steroid alkaloids and diterpenoids (Jerzykiewicz, 2007). The 

presence of alkaloids and steroidal saponins are the most common bioactive compounds 

within the Solanaceae family. These natural compounds often are synthesized in responses to 

abiotic stress activating this manner the synthesis of higher concentrations of these 

compounds (Lachman et al. 2001; Chowański et al. 2016). Luciamin was the first steroidal 

glycoside isolated from Solanum laxum Steud with antifeedants activity against the aphid 

Schizaphis graminum (Soulé et al. 2000). In the last decade have been showed that theses 

compounds can affect insects at all levels of biological organization specially disturbs cellular 

and physiological processes, e.g by altering redox balance, hormonal regulation, neuronal 

signalization or reproduction in exposed individuals (Chowański et al. 2016). 
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Table 1.3. Example of studies that supporting the feeding deterrent activity of several 

Solanaceae plants on insects.  

Substance Insect order Target insect Reference 

Withanolide E Lepidoptera Spodoptera littoralis Ascher et al. 1980 

Withanolides and 

ergostane steroids  

Coleoptera Epilachna varivestis Ascher et al. 1981 

Whitanolides Lepidoptera 

Coleoptera 

Coleoptera 

Spodoptera littoralis 

Epilachna varivestis 

Tribolium Castaneum 

Ascher et al. 1987 

Salpichrolide A, C y G Lepidoptera Musca domestica L. Mareggiani et al. 2000 

Leptine I Coleoptera Leptinotarsa decemlineata Hollister et al. 2001 

Anabasine Hymenoptera 

Lepidoptera 

Coleoptera 

Apis mellifera 

Spodoptera litura  

Leptinotarsa decemlineata 

Gonzalez-Coloma et al. 

1995 

Atropine Lepidoptera 

Coleoptera 

Spodoptera litura  

Leptinotarsa decemlineata 

Shields et al. 2008 

C. parqui saponic 

extracts 

Coleptera Schistocerca gregaria 

Spodoptera littoralis 

Tribolium confusum  

Chaieb et al. 2010 

Capsicum annuum L. 

leaf extract 

Lepidoptera Spodoptera litura 

Achacea Janata (L.) 

Devanand et al. 2011 

Pseudocapsicum Seeds 

extracts 

Lepidoptera Helicoverpa armigera 

Spodoptera litura  

Jeyasankar et al. 2014 

Capsicum frutescens L. 

extract 

Lepidoptera 

Hemípteras 

Plutella xylostella 

Brevicoryne brassicae (L.) 

Amoabeng et al. 2013 

Elaeagnifolium extracts Lepidoptera Spodoptera littoralis Hamouda et al. 2015 
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1.8. Plants extracs from C. parqui as potential sources of pesticidal agents 

Nowadays, natural products of plant origin are considered as an alternative to harmful 

conventional pesticides, because these bioactive constituents possess diverse chemical 

structures with different action mechanisms; which could be used as an alternative for the 

development of a novel pest control method (De Geyter et al. 2007; Chaieb, 2010). Moreover, 

these insecticidal compounds are considered safe, effective, environmentally friendly, 

biodegradable, having low mammalian toxicity (D’ Incao et al. 2012).  

At the present, a number of studies have reported that crude extracts or bioactive constituents 

of plant exert detrimental effects on survival, growth, and reproduction as a result of their 

toxic and deterrent activities against major agricultural pests such as Coleoptera, Hemiptera, 

Lepidoptera and Diptera orders (De Geyter et al. 2007; Hussein et al. 2005; Saha et al. 2010). 

Negi et al. (2013) reported that plants extracts show higher performance than purified 

bioactive constituents on insect pest, probably due to synergist effects caused by other natural 

products present in the extracts. 

Aqueous extracts of C. parqui leaves inhibited pupation of Ceratitis capitata at 0.6% 

concentration under laboratory conditions (Zapata et al. 2006). Additionally, C. parqui 

steroidal crude saponins have been reported to exhibit toxic effects on molting process of 

Spodoptera littoralis (Chaieb et al. 2004) and ecdysal disturbance on Schistocerca gregaria 

(Barbouche et al. 2001). Moreover, structural modifications at the fat body were observed in 

histological sections of S. littoralis and a similar effect was observed in the foregut and gastric 

caeca of S. gregaria (Chaieb et al. 2007). In addition, a moderate effect on digestion of          

S. littoralis larvae digestion was reported when the diet was supplemented with C. parqui dry 

extract (Chaieb et al. 2004). Therefore, C. parqui showed a great pesticidial propiedades to 

the pest control.  
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1.9. Antifeedant activity on insect the Coleoptera order 

Coleoptera, also known as beetles, is the largest order with the most diverse species on earth 

and are associated with major groups of plants (Raffa et al. 2015). It includes approximately 

380.000 to 400.000 species, beetles constitute ~25% of all described animal species, playing 

an important biological role in all terrestrial and freshwater ecosystems (Chapman, 1998; 

Zhang et al. 2018). Conifer bar beetles are destructive insect that damage and kill mature 

spruce and pines trees, specifically in trees stressed during hot and dry conditions (Raffa et al. 

2015). Climate change, is causing an increase of bark beetle outbreaks of many pine forests 

around the world. Hence, strategies to reduce levels of tree mortality caused by bark beetle are 

becoming urgent, for forest industry as well as for preservation of forest cover and forest 

carbon sinks (Schlyter, 2012). There is limited information on the use of the bioactive 

products as an alternative control method for controlling of bark beetle. In Coleoptera, the 

antifeedant effect can be one strategy important especially to future of controlling of bark 

beetle. A number of species refuse to feed when are exposed to diet with antifeedants 

compounds that are summarized in the Table 1.2. 

1.10. Gustatory system in coleoptera (beetles) 

Taste is one of the essential senses is a specialized chemosensory system dedicated to election 

and monitor of chemicals host present in the enviroment, play an important role in 

development and reproduction for herbivorous insects (Hallem et al. 2006; Moon et al. 2008). 

The taste system and the behavioral responses to taste stimuli are poorly understood.  
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Table 1.4. Examples of studies that supporting the antifeedant activity on insect of the Coleoptera order. 

Coleoptera order Adults/ 

larvae 

Source of 

substance/extract 

Substance/Extract Antifeedant 

activity 

Reference 

Hylobius pales  Adults Twenty plant-produced 

compounds 

Limonin, 

S (+) and R (−)-Carvone, 

Verbenone 

Antifeedant 

 

Salom et al. 1994 

H. pales  Adults Natural plant compounds Limonin /R (−) scarvone 

Cucurbitacin, Verbenone 

Antifeedant 

 

Salom et al. 1996 

Sitophilus. zeamais Adults Allium sativum  Allyl disulfide Antifeedant Chiam et al. 1999 

Hylobius abietis Adults Commercial compounds Verbenone, borneol,  

Bornyl acetate, carvone,  

cucurbitacin, myrcene,  

limonin, 4-allyanisole, 

α- pinene, β-pinene, 

 limonene, coumarin 

Antifeedants 

 

Klepzig and  

Schlyter, 1999 
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S. zeamais Adults Allium sativum  Methyl allyl disulfide 

Diallyl trisulfide 

Feeding 

deterrence 

Huang et al. 2000 

Sitophilus orysae Adults Prunus serotina Compounds naringenin its 

derivative: Methoxynaringenin 

Eriodictyol 

Antifeedants 

 

Omar et al. 2000 

H. abietis Adults Lodgepole pine Ethyl trans-cinnamate 

Ethyl 2,3-dibromo-3-pherryl-

propanoate 

Antifeedants 

 

Bratt et al. 2001 

Sordidus germar Adults Allium cepa  

A. sativum  

 Azadirachta indica 

A. Juss Cymbopogon 

citratus D. C. Stapf 

Dennetia tripetala 

Garcinia kola Henkel 

Monodora myristica  

Nicotiana tabacum  

Aqueous extracts of 13 plants Antifeedants 

 

Inyang and 

 Emosairue, 2005 
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Ocimum gratissimum 

Piper guineense Schum 

Thonn Tetrapleura 

tetraptera Schum and 

Syzygium aromaticum 

Perry Zingiber officinale  

H. abietis  Adults Tilia cordata linden Nonanoic acid Antifeedants Månsson et al. 2005 

S. oryzae  Adults Junellia aspera Triterpenes Antifeedants Pungitore et al. 2005 

H. abietis  Adults Feces of H. abietis Methylanisol, guaiacol, veratrol, 

dihydroxybenzenes 

dihydroconiferyl alcohol. 

Antifeedants Borg-Karlson et al. 

2006 

H. abietis  Adults Commercial compounds Nonanoic 

Alkanoic acids 

Antifeedants Månsson et al. 2006 

H. abietis  Adults Commercial compounds NeemAzal-T/S Antifeedants Olenici and  

Olenici, 2006 
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H. abietis  Adults Organics compounds 

from feces of H. abietis 

Benzoic acid Antifeedants Unelius et al. 2006 

S. oryzae Adults Aloysia polystachia 

(Griseb) Moldenke  

Chloroform extract Antifeedants 

effects 

Viglianco et al. 2008 

Rhynchophorus 

ferrugineus  

Adults 

Larvae 

Lanchocarpus sp. 

Derris sp 

Citrus fruit oil 

Rotenone 

Limonene 

Antifeedants Abdullah, 2009 

S. zeamais Adults Hyptis Spicigera Hexane extracts Feeding 

deterrence 

Othira et al. 2009 

S. zeamais Adults Jatropha Curcas Leaf extracts Antifeedants 

 

Jide-Ojo, 2011 

S. oryzae Adults Commercial compounds Triterpenoid saponins: 

soyasaponin I, dehydrosoyasaponin 

I, echinocystic acid 3-glucoside, 

β-escin, glycyrrhizic acid, 

hederacoside C, and α-hederin 

Reducing 

feeding 

Fields et al. 2010 
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Diaprepes 

abbreviatus 

Adults Commercial compounds 

Ardisia crenata 

Ceratiola ericoides 

Rotenone, sabadilla ryanodine 

Methanol extract 

Methanol /methylene chloride 

extracts 

Antifeedant 

 

Sandoval-Mojica and  

Capinera, 2011 

Sitophilus granarius Adults Anethum graveolens  Methanol extract Antifeedant 

effects 

Karakas et al. 2016 

S. oryzae, 

S. zeamais, 

S. granarius 

Adults Laureliopsis philippiana  Esssential oil Antifeedants Norambuena et al. 

2016 

Hylastinus obscurus  Adults Red clover root Isoflavonoids Antifeedant Quiroz et al. 2017 

H. obscurus Adults Pilgerodendron uviferum  (−)-trans-Calamenene Cadalene, 

Torreyol 

Antifeedant Espinoza et al. 2018 

H. ligniperda 

 

Adults 

Larvae 

Cestrum parqui Chloroform and saponins extracts Antifeedant  

 

Huanquilef et al. 

2020 
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Usually, the structure and configuration of the mouthparts are mostly conservative for 

Coleoptera order (Alekseev et al. 2006). However, a recent investigation (Yosano et al. 2020) 

have shown that subfamilies of chrysomelid beetle, exhibit gustatory sensilla in the distal leg 

segment i.e the tarsus. This feature is well known in Diptera and Lepidoptera order, due that 

can distinguish and respond selectively to different flavour compounds through of their legs 

(Chapman, 1998). On the other hand, they did not find evidence of gustatory sensilla in the 

leg in other coleoptera species. Finally, they showed that tarsal taste recognition is not 

common for this species insect (Yosano et al. 2020). Taste chemosensillar are commonly 

called under the term of uniporous sensilla and usually contain two to four chemosensory and 

one mechanosensory cell. Taste stimuli reach dendrite branches of neurons through the 

terminal pore (Mitchel et al.1999; Shields, 2009). Theses sensillum structures have been 

classified according to morphology of their pared cuticular (Zacharuk and Shields, 1991).  

Bark beetle adults, possess many taste receptor sensilla that are distributed over the antenna, 

palps mouth and maxillary of the insect (López et al. 2014; Alekseev et al. 2006). Coleóptera 

larvae, taste organs are distributed main between maxillary and labial palps (Ruchoni et al. 

2019). Actually, has been demonstrated that the uniporous sensilla chaetica possess 

mechanosensory and gustatory functions (Figure 1.2) (Isidoro et al. 1998; Mitchell et al. 

1999). Similar sensilla distribution pattern has been described on other larvae of Coleoptera 

families, such as such as Silvanidae (Mitchell et al. 1979), Chrysomelidae (Bartlet et al. 

1999), Elateridae (Corbière-Tichanè, 1973), Tenebrionidae (Seada and Hamza, 2018), 

Carabidae (Giglio et al. 2013) and Curculionidae (Hallberg, 1982). However, there is no clear 

correlation between the receptor zone area and the number of sensilla (Alekseev et al. 2006). 
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Figure 1.3. H. ligniperda (Fabricius, 1787), head. A) frontal view, B) lateral view, C) lateral view, scanning electron micrograph, Scale bar 200 

µm. D-F) dorsal and ventral view, showing zoomed G) structure of sensilla chaetica containing four gustatory receptor neurons and one 

mechanosensory neurone (Lim et al. 2019). Schematic drawing ̶ Abbreviations: ant- antenna, ce-compound eye, lp-labial palp, md-mandible, mp-

maxillary palp. 
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1.11. Hypotheses  

Based on that: 

a) Seedling plantations of P. radiata nursery are attacked by H. ligniperda, causing high mortality. 

b) The need to develop new control alternatives with respect to the existing, which presented low 

efficiency and specificity in the control of H. ligniperda in forests 

c) The development of non-polluting insecticides safe. 

d) C. parqui extracts have shown antiffedant activity on a number of insects belonging to different 

families, 

The followinh hypothesis is proposed: 

 

The feeding behavioralof H. ligniperda is disturbed by polar and non-polar metabolites present in             

C. parqui leaves tested on an artificial diet, cause phagostimulant or antifeedant responses by the insect. 

 

1.12. General objective 

To evaluate the antifeedant activity of the extracts of different polarity obtained from C. parqui leaves on 

H. ligniperda 

1.13. Specific objectives 

(1) To evaluate the antifeedant activities of non-polar extract from C. parqui on both larvae and adults 

of H. ligniperda. 

(2) To evaluate the antifeedant activities of polar extract from C. parqui on both larvae and adults of 

H. ligniperda. 

(3) To identify the compounds responsible of the antifeedant activity. 
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ABSTRACT 

Hylurgus ligniperda is one of the most important quarantine forest insects associated to pine 

(Pinus radiate D. Don) logs exported from Chile. Methyl bromide fumigation has been the 

prominent control method. As the use of this synthetic insecticide leads to serious 

environmental problems, research to find alternative treatments is urgently needed for the 

Chilean forestry sector. Hence, plant secondary metabolites have been considered as an 

alternative for its control. Therefore, the objective of this work was to assess the feeding 

behavior of H. ligniperda through the artificial diet supplemented with organic fractions 

obtained from Cestrum parqui leaves. Organic extracts were obtained using a Soxhlet 

extraction. Non-choice tests were developed for testing the antifeedant activity shown by the 

organic fractions on adults, and 5th and 6th instar larvae of H. ligniperda. All the extracts 
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tested elicited a decrease in the weight of unsexed H. ligniperda adults, and the effects were 

dose-dependent. Male beetle weight gain was reduced strongly by chloroform extracts and 

ethyl acetate elicited a weight increase of female and from the fifth and sixth instar larvae 

weight. Saponin extract elicited a reduction of the weight in male and female. Finally, the 

weight of both instar larvae was reduced by chloroform and saponin extract. C. parqui leaf 

extracts show a great potential for being used for controlling H. ligniperda and thus to 

diminish the use of harmful synthetic pesticide. 

Keywords: Cestrum parqui · Hylurgus ligniperda · Chloroform extract · Saponins · 

Antifeedant activity. 

 

2. Introduction 

Hylurgus ligniperda Fabricius (Coleoptera: Curculionidae), commonly known as red-haired 

bark beetle, is an exotic, invasive Eurasian species with a worldwide distribution (Ciesla, 

1993; Romo et al. 2016), considered one of the main quarantine conifer pests causing 

significant economic losses in the production of lumber and logs of radiata pine (Pinus 

radiata (D. Don)) (Lanfranco et al. 2002, 2004; Ruiz and Lanfranco, 2008). Moreover, it 

represents an important threat to all coniferous forests around the world (Brockerhoff et al. 

2006), because it is a vector for Ophiostoma, Grosmannia and Leptographium fungi agents 

implicated in root decline disease and blue-stain (Kim et al. 2011). It has also been observed 

that H. ligniperda adults attack the root collar of 1 or 2-year-old seedlings, which can cause 

the seedling՚s death. This type of damage has only been observed in P. radiata forest in Chile 

(Ayres and Lombardero, 2000; Lanfranco et al. 2004; Mausel et al. 2006). However, there is 

no official report about the economic loss caused by this damage. On the other hand, 

exporting of Chilean forest products, such as sawn wood to Mexico, was suspended in 2006 

due to the presence of H. ligniperda adults in some shipments. Since, H. ligniperda has been 
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recognized as a serious problem for the Chilean forestry sector (Ruiz and Lanfranco, 2008), 

currently, methyl bromide fumigation has been the mostly used method to H. ligniperda 

control. Nevertheless, international environmental organisms have banned its use for the next 

decade because it is considered an ozone-depleting substance (Clare and George, 2016). In 

addition, the use of organophosphates, carbamates, and pyrethroids have low performance 

controlling this pest. Furthermore, their continuous use provokes the emergence of resistant 

pests as well as the accumulation of non-biodegradable residues in the environment that are 

highly toxic to non-target organisms (Yang et al. 2014). Hence, research to find controlling 

alternative treatments are urgently needed. 

Nowadays, plant natural products have attracted much attention as a safe, effective, and 

environmentally friendly alternative to replace harmful conventional pesticides (Chaieb, 

2010; De Geyter, 2007; D’ Incao et al. 2012). Many studies have reported that crude extracts 

or bioactive constituents from medicinal plants exert detrimental effects on survival, growth, 

and insect reproduction because of their toxic and deterrent activities (Chaieb, 2010; De 

Geyter et al. 2011; Hussein et al. 2005; Saha et al. 2010). These activities are probably due to 

synergist among the different components present in the extracts (Guo et al. 2013). 

In the last decades, pesticide activities associate to C. parqui (L'Hér.) (Solanaceae) extracts 

have been reported (Chaieb, 2010).  The plant is a 2-3-m-tall perennial shrub, native to 

Central and South America, which has been introduced throughout the world as an evergreen 

ornamental plant (Navas, 1979). C. parqui leaves have been used as an herbal medicine in 

traditional Mapuche medicine for the treatment of allergies, herpes, impetigo, and headache 

(Estomba et al. 2005). In addition, several studies have also reported that this plant possess, 

antiplatelet, anticancer and spermicidal activities (Chenni et al. 2015; Falkenberg et al. 2012; 

Souad et al. 2007). Moreover, previous phytochemical studies have shown that alkaloids and 

saponins extracts from leaves of C. parqui could be the main active compounds responsible of 

biological activities (Abdel-Gwad et al., 1997; Baquai et al. 2001; Brevis et al. 1999; Chaieb 
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et al. 2007a; Mosad et al. 2017; Silva et al. 1962). Nevertheless, lignans, neolignans and 

sesquilignans (D’Abrosca et al. 2006; Fiorentino et al. 2007); sapogenin (Bianchi et al. 1963; 

Torres et al. 1988), terpenoids (D’Abrosca et al. 2004a, 2005; Pearce et al. 1992), phenols 

(D’Abrosca et al. 2004b) are also present in C. parqui leave extracts. In the last decades 

diverse reports have demonstrated pesticide activities from C. parqui extracts (Chaieb, 2010; 

Zapata et al. 2006). For example, aqueous extracts from C. parqui demonstrated a high 

toxicity to neonate larvae of Ceratitis capitata (Wiedemann) (Diptera: Tephritidae) when it 

was incorporated to a diet at a concentration above 0.6% (Zapata et al. 2006). Additionally, C. 

parqui steroidal crude saponins exerted toxic effects on molting process of Spodoptera 

littoralis (Lepidoptera: Noctuidae) (Chaieb et al. 2007b) and it produced ecdysal disturbance 

on Schistocerca gregaria (Orthoptera: Acrididae) (Barbouche et al. 2001). Moreover, 

structural modifications at the fat body of S. littoralis were observed in histological sections. 

Similar effect was observed in the foregut and gastric caeca of S. gregaria (Chaieb et al. 

2007b) and S. littoralis larvae (Chaieb et al. 2007c). Because of the good activities showed by 

C. parqui extracts on different insets belonging to different families, we aim to elucidate the 

antifeedant effect elicited from chloroform, ethyl acetate and saponins crude extract from C. 

parqui leaves on H. ligniperda one of the main pests associated to umber and log of              

P. radiata. This is the first record showing the biological activity of C. parqui leaves on a 

curculionid. 

2.1. Materials and Methods 

2.1.1. Plant Material  

C. parqui leaves were collected in October 2015 in Hualpén Botanical Park (36°48’S-

73°10’W) at the Universidad de Concepción, Chile. The identification of the specimen was 

corroborated in the Departamento de Botánica, Facultad de Ciencias Naturales y 
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Oceanográficas, Universidad de Concepción, Chile. The samples were identified by biologist 

and botanist MSc. Alicia Marticorena. 

2.1.2. Insects 

Both adults and larvae of H. ligniperda were hand collected under the bark of infested P. 

radiata logs obtained from sawmills in Pitrufquén (38° 59′ S–72° 38′ W), La Araucanía 

Region, Chile, in November 2017. The individual beetles were transferred to a small cage (5 

cm × 2 cm × 2 cm) and then reared in entomological cages (30 cm × 30 cm × 30 cm) at 26 ± 1 

°C under a 16:8 light: dark cycle and 70% humidity. The adults were starving for 48 h before 

bioassay. 

2.1.3. C. parqui extracts obtention 

Extracts were obtained from C. parqui leaves following the methodology described by 

Makkar et al. (2007) with some modifications. Briefly, dried leaves of C. parqui (500 g) were 

milled and defatted three times with dichloromethane in a Soxhlet apparatus, at ~ 50 °C for 24 

h. The solvent was removed by a rotary evaporator, under reduced pressure at ~ 40 °C. The 

defatted plant material was extracted with ethanol by a Soxhlet apparatus, at ~ 50 °C for 24 h 

and the solvent was removed using a rotary evaporator yielding a dark green ethanolic extract 

(150 g). Then, it was suspended in 200 ml of distilled water. The aqueous solution was 

partitioned with chloroform, ethyl acetate, and n-butanol to obtain three fractions. Each 

fraction was dried with anhydrous Na2SO4, filtered, and evaporated under reduced pressure on 

rotary evaporator. 
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2.1.4. No-choice feeding bioassays 

The feeding bioassays were performed under a no-choice test using an artificial diet, 

according to Faccoli and Schlyter (2007). Briefly, 500 μl of artificial diet, consiting of 80.4% 

water, 4.3% cellulose, 4.3% milled pine bark, 2.2% glucose, and 8.7% agar, was added into 

transparent microcentifugue tubes (Eppendorf, 10-mm diameter × 35-mm length). Then, 

solutions of chloroform extract, ethyl acetate extract, and saponin-rich fraction (60 μl), diluted 

in their respective solvent, were added separately, at different concentrations (Table 2.1), to 

the artificial diet. Artificial diets (500 μl) supplemented with 60 μl of chloroform, ethyl 

acetate, and distillated water, respectively, were used as blank. To ensure a homogeneous 

distribution of the solution, the microcentrifuge tubes were vortexed at 12 rpm continuously 

for 15 s. The microcentrifuge tubes were incubated overnight at 20 ± 5 °C to remove solvents. 

Subsequently, insects were weighed (iw) and then were introduced in each tube, which were 

closed with a plastic cap. Each bioassay was replicated 15 times with unsexed beetles, 15 

times with male beetles, and another 15 times with female beetles. Each insect was used only 

once. The feeding performance was evaluated at room temperture (20 ± 5 °C) for 7 days 

under dark conditions. After, the insects were removed from the tubes and were weighed 

again (fw). The feeding performance was evaluated by the weight shift (%), as follows 

(Toledo et al. 2014; Quiroz et al. 2017; Espinoza et al. 2018): weight shift (%) = (fw − iw)/fw 

× 100. Similar feeding bioassay described above was carried out on fifth and sixth instar 

larvae of H. ligniperda using an artificial diet consisting of 79.3% water, 6.9% agar, 3.4% 

cellulose, 3.4% pine bark, and 3.4% wheat germ. Each bioassay was performed 15 times. 
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Table 2.1 Concentrations of the tested extract solutions and concentration of each extract in 

diet using in the feeding bioassay. 

                    Extracts 
Concentration in solution 

(% w/v) 

Concentrations in diet matrix 

(% w/v) 

Chloroform, ethyl acetate, and 

saponins crude 

0.20 0.02 

0.40 0.05 

0.60 0.07 

0.80 0.10 

1.00 0.12 

 

2.1.5. Statistical analysis 

The statistical software Statistix 10 (Tallahassee, FL, USA) was used to analyze the data. The 

Shapiro-Wilk test was used to test whether data conform to a normal distribution. When data 

were normally distributed, the differences in the weight. 
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2.2. Results 

2.2.1. C. parqui extracts  

Chloroform, ethyl acetate, and n-butanol extracts yielded 4.57 g (0.9%), 6.00 g (1.2%), and 

9.67 g (1.9%) respectively. Then, the n-butanol extract was chromatographed on Sephadex 

LH-20 column, using MeOH/H2O 1:1 as eluent. Twenty fractions were collected (7 ml each), 

concentrated, and monitored by thin layer chromatography (TLC) using silica gel–coated 

aluminum plates (Merck, GF254) developed using BuOH/AcOH/H2O (7:1.15:1.85) and were 

examined under UV light at 254 and 365 nm. Ehrlich’s reagent was used to assess for 

presence of steroidal saponins. Finally, saponinrich fractions were combined yielding 1.96 g 

of a saponin fraction (20.3%). 

 

2.2.1.1. Feeding bioassays of unsexed adults individual 

Feeding behavior of the unsexed H. ligniperda adults was affected by the extracts added to 

diet, and the effects were dose dependent. In comparison with their own blank, chloroform 

extract (Fig. 2.1A), ethyl acetate extract (Fig. 2.1B) and saponin extract (Fig. 2.1C) elicited a 

significant reduction in the weight gain of the H. ligniperda adults. In average chloroform, 

ethyl acetate and saponin extracts elicited a significant decreasing in the weight of                 

H. ligniperda adults by approximately 57%, 28%, and 82% respectively (Fig. 2.1). In detail, 

higher antifeedant activity of 66.4%, 73.0, and 75.4% was found with chloroform extract of 

C. parqui at 0.6%, 0.8, and 1% concentrations respectively (Fig. 2.1A). A lower activity 

observed with ethyl acetate extract at 32.7%, 32.6%, and 38.5% was found at 0.6%, 0.8%, and 

1% concentrations respectively (Fig. 2.1B). Highest antifeedant activities of 81.0%, 86.0, and 

81.3 were found with chloroform extract of C. parqui at 0.6%, 0.8, and 1% concentrations 

respectively (Fig. 2.1C). 
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Figure 2.1. Weight loss/gain (%) of H. ligniperda adults fed with artificial diet supplemented 

with A) chloroform fraction, B) ethyl acetate fraction, and C) saponins fraction. Blank: 

artificial diet supplemented with 10 µL of respective solvent. Values indicate mean ± SE. 

Different letters indicate significant differences (p ≤ 0.05). 
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2.2.1.2. Feeding bioassays of adult male and female  

Then, saponin-rich extract and chloroform extract were the most active feeding deterrent, but 

the lowest concentrations (0.2% and 0.4%) were not active. Organic extracts elicited different 

feeding behavior from both male and female H. ligniperda (Fig. 2.2). Male beetle weight was 

reduced by chloroform extract by most of the concentrations, in comparison with the blank. In 

contrast, female beetle was not affected by this extract (Fig. 2.2A). The highest decreasing 

percentage of 195.7%, 280.5%, 298.5, and 286.2% were observed with chloroform extract at 

0.4%, 0.6%, 0.8%, and 1.0% concentrations (Fig. 2.2A). A dissimilar behavior elicited ethyl 

acetate extract, while in males, it caused an average reduction of 41.9% between 0.6 and 1.0% 

concentrations, and in females, it elicited an average increase of 220.4% between 0.4 and 

1.0% concentrations (Fig. 2.2B). The highest phagostimulant behavior was observed at 0.8% 

(262.5%) and 1.0% (283.5%) concentrations. Saponin extract reduced the weight gain of both 

male and female beetles (Fig. 2.2C). Significant antifeedant activity of 62.8%, 74.2%, 84.0%, 

and 93.3% was found with chloroform extract of C. parqui at 0.4%, 0.6%, 0.8, and 1% 

concentrations respectively for males and 46.8%, 74.2%, 53.6%, and 61.4% at the same 

concentrations were observed for females (Fig. 2.2C). 
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Figure 2.2. Weight loss/gain (%) of male and female of H. ligniperda fed with artificial diet 

supplemented with (A) chloroform fraction, (B) ethyl acetate fraction, and (C) saponin 

fraction. Control: artificial diet supplemented with 10 μL of respective solvent. Values 

indicate mean ± SE. Different letters indicate significant differences (p ≤ 0.05). 
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2.2.1.3. Feeding bioassays of larvae  

The feeding behavior of 5th and 6th instar larvae was affected by diet in a different manner. 

Fifth and sixth instar larvae weight was reduced by chloroform extract in concentration-

dependent manner, decreasing fifth larval weight by 588.4%, 851.8%, and 1122.6% to 

concentrations of 0.1%, 0.2%, and 0.4% respectively, and at the same concentrations, the 

weight of the sixth instar larvae varied between 151.3 and 255.6% (Fig. 2.3A). Again, the 

effect of the ethyl acetate fraction was dissimilar in comparison with the other two extracts. 

To the highest concentration, the extract elicited a phagostimulant behavior on both fifth and 

sixth instar larvae, increasing the fifth and sixth larva weight in 368.0% and 49.3% 

respectively at 0.4% concentration. On the other hand, at the lowest concentration, it caused a 

reduction in the weight of larvae of the sixth instar in 29.1% at a concentration of 0.1% (Fig. 

2.3B). Finally, saponin extract reduced the larva of both 5th and 6th instar, being significant 

only at 0.4% in the 5th instar and at 0.2% and 0.4% in the 6th instar (Fig. 3C). However, only 

saponin extract at 0.4% reduced the weight of fifth instar larvae by 150.7%. Moreover, a 

significant weight reduction on sixth instar larvae was observed at 0.2% and 0.4% 

concentrations respectively. These results show that chloroform extract was the most active 

feeding deterrent against H. ligniperda larvae. 
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Figure 2.3. Weight loss /gain (%) of H. ligniperda larvae fed with artificial diet supplemented 

with A) chloroform fraction, B) ethyl acetate fraction, and C) saponins fraction. Control: 

artificial diet supplemented with 10 µL of respective solvent. Values indicate mean ± SE. 

Different letters indicate significant differences (p ≤ 0.05). 
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2.3. Disscussion 

Most of the antifeedant studies with botanicals extracts have been carried out on Lepidoptera 

species existing limited information available about antifeedant activity against Coleoptera 

species. Moreover, to our knowledge, there is no information about curculionid. In this study, 

we demonstrated, for first time, that the chloroform extract and saponin extract from               

C. parqui leaves inhibited the feeding behavior of a curculionid, H. ligniperda, acting as 

feeding deterrent agents. Similarly, Chaieb and Ben Halima (2009) demonstrated that a crude 

saponin extract of C. parqui acted as an antifeedant agent against Spodopotera littoralis 

(Lepidoptera: Noctuidae) and Tribolium confusum (Coleoptera: Tenebrionidae) in a feeding 

bioassay using artificial diet at 2% concentration. In the same way, many chloroform extracts 

from plants have shown antifeedant activities against Lepidoptera species. For example, 

chloroform extracts of Atalantia monophylla (Baskar et al. 2009), Caesalpinia bonduc 

(Baskar et al. 2018), and Clerodendrum phlomidis (Duraipandiyan et al. 2015; Muthu et al. 

2015) were antifeedant agents against Helicoverpa armigera (Lepidoptera: Noctuidae) at 

concentrations between 0.02 and 5%. Additionally, chloroform extract of Gloriosa superba 

elicited an antifeedant behavior from Spodoptera litura (Lepidoptera: Noctuidae) (Nebapure 

et al. 2016) at 0.03% concentration. The antifeedancy of chloroform plant extract has been 

associated with their chemical composition. Secondary metabolites, such as coumarins, 

flavonoids, phenols, quinones and terpenoid, from C. bonduc chloroform extracts exhibited 

antifeedant activity against S. litura (Baskar et al. 2012). For instance, sesquiterpenes from 

Pilgerodendron uviferum heartwood produced antifeedant effects on Hylastinus obscurus 

(Coleoptera: Curculionidae) (Espinoza et al. 2018). Similarly, red clover root isoflavonoids 

and long chain fatty acids acted as feeding deterrents against H. obscurus (Quiroz et al. 2017; 

Toledo et al. 2014), demonstrating that several classes of secondary metabolites from plants 

can act as antifeeding agents against insects. At the present study, males were more 

susceptible to chloroform and saponin fraction than females. Similar result was reported by 
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Faccoli et al. (2005) against Ips typographus (Coleoptera: Curculionidae), who evaluated the 

feeding performance in a bioassay using an artificial diet very similar to use in this study but 

supplemented with terpenes. Moreover, the authors indicated that I. typographus males and 

females reduced feeding in concentration-dependent manner, at concentrations between 0.3 

and 1.0%. Therefore, different compounds and doses have distinct effects on feeding 

responses of males and females, where sex is an important factor to consider. On the other 

hand, many saponin compounds elicit a reduction of the food intake for several insect species 

producing nutritive deficiency that can cause death or inhibit the evolution for next stage 

(Chaieb 2010; De Geyter et al. 2007; Dowd et al. 2011; Gao et al. 2010). Adel et al. (2000) 

suggested that the addition of saponins to artificial diet is the cause that sterols are not uptake 

in the intestine, causing low nutrient availability for the normal development and survival of 

the insect. Also, it has been suggested that saponins could interact with digestive enzymes 

forming a complex with them causing a decrease in enzyme digestive capabilities (De Geyter 

et al. 2007; Singh et al. 2017; Taylor et al. 2004). In this context, Pedersen et al. (1976) 

attributed the high resistance of six alfalfa cultivars against pea aphids to high contents of 

saponins. Golawska and Lukasik (2009) reported the preference of aphids for alfalfa plant 

with low saponin levels, and Shinoda et al. (2002) found that the resistance of the wild 

crucifer Barbara vulgaris to the diamond back moth, Plutella xylostella (Lepidoptera: 

Yponomeutidae), was due to the presence of triterpene glycoside in the plant. Szczepanik et 

al. (2004) reported that saponins from three Medicago species, Medicago arabica, M. 

hybrida, and M. murex, showed feeding deterrent effects on Leptinotarsa decemlineata 

(Coleoptera: Chrysomelidae) larvae. Additionally, saponins produced also a reduction of 

feeding intake, larval growth, and survival against larvae (Szczepanik et al., 2001). 

Accordingly, in our research, saponin extract exhibited antifeedancy against H. ligniperda 

males, females, and larvae. In contrast, Hussein et al. (2005) reported the effect of saponins 

from alfalfa roots on Tropinota squalida (Coleoptera: Scarabaeidae), commonly named hairy 
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rose beetle, demonstrating that adults fed with saponins lead to a high mortality, but the food 

consumption rate was not affected. On the other hand, Nielsen et al. (2010) determined that 

hederagenin cellobioside and oleanolic acid cellobioside saponins from Barbarea vulgaris 

inhibited feeding of the flea beetle, whereas the effect of oleanolic acid cellobioside was much 

weaker. However, the aglycones (sapogenins) were inactive. Therefore, glycoside chains play 

a significant role in the antifeedant activities of saponins. Antifeedant activity elicited from 

ethyl acetate extract evaluated in this work was lower than the other C. parqui extracts. 

However, it has been demonstrated that ethyl acetate extracts from plants exhibit antifeeding 

activities against Lepidoptera species of economic importance (Baskar et al. 2011, 2012; 

Duraipandiyan et al. 2011; Raja et al. 2005; Pavunraj et al. 2011). Active concentrations 

ranged from 0.1 to 5.0%. For example, significant antifeedant activity (56.06%) was observed 

at 5.0% concentration when ethyl acetate leaf extract of Aristolochia tagala Cham. were 

tested against S. litura Fab. (Baskar et al. 2011). In the same way, ethyl acetate extract from 

Hyptis suaveolens L. leaves exhibited an antifeedant activity of 65.3% and 71.0% at 1% 

concentration against H. armigera and S. litura (Raja et al. 2005). Moreover, ononitol 

monohydrate and 6-(4,7-hydroxy-heptyl)-quinine isolated from ethyl acetate extract of Cassia 

tora L. exhibited a strong antifeedant activity of 74.57% and 69.05% against H. armigera and 

S. litura, respectively at 1% concentration and the activity was statistically significant over 

control (Baskar and Ignacimuthu 2012). 

 

2.4. Conclusions  

In the present study, we demonstrated that chloroform, ethyl acetate, and saponin extracts 

affected the feeding behavior of H. ligniperda adults as well as larvae, in a concentration 

dependent manner. Chloroform extract elicited the highest antifeedant behavior, reaching 

more than 1000% of weight reduction at 0.4% concentration in fifth instar larvae and more 

than 195.7% in adult male at the same concentration. Our results are consistent with those 
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from previous studies that showed deterrent activity of different plant extracts against bark 

beetle and, principally, Lepidoptera species at similar or lowest concentrations. The strong 

antifeedant activity shown by the chloroform extract of C. parqui leaves at low concentrations 

makes it a powerful alternative control tool for H. ligniperda. The relatively simple and cheap 

obtainment of this extract is very promising for its commercial application 
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ABSTRACT 

C. parqui L΄Herit (Solanaceae) is used as an indigenous medicine for treatment of inflammation, 

headache and febrile by Mapuche people in Chile and during the last decade polar and non-polar 

extracts have been assessed for a diverse of biological activities of interest with potential to 

control of bark beetle insect plague. In previous study, we demonstrated that chloroform fraction 

from C. parqui leaves of ethanol extract (obtained from partitioning of the ethanol extract) 

exhibited strong antifeedant activity against male adult of H. ligniperda. The chloroform fraction 

was fractionated by adsorption chromatography on silica gel using different solvent system of 
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increasing polarity. Based on TLC profile, twenty-four were isolated. The three fractions showed 

higher antifeedant activity on male adult of H. ligniperda and only one fraction showed larvicidal 

activity on 5th instar larvae against the same species of study. The chemical compositions of 

active chloroform fractions were analyzed by Gas chromatography/mass spectrometry (GC/MS). 

Forty-five compounds were identified. The active F4 sub-fraction from chloroform fraction 

exhibited a mixture of hydrocarbons, fatty acid and esters, as well as low levels of 

sesquiterpenoids. Where it is subfraction were characterized by a higher content of C24, C25 and 

C27 alkanes. A number of of them were found for the first time for this species. Pentacosane 

could be the responsible of the antifeedant behavior mortality Thus, subfraction from chloroform 

fraction from C. parqui ethanolic extract would be a promising source of active constituents with 

antifeedant effects to develop a new botanical formulation for the control of    H. ligniperda in 

plague management programmes.  

 

Keywords: Cestrum parqui, Hylurgus ligniperda, Antifeedant, Larvicidal, Natural pesticide
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3. Introduction 

The red-haired bark beetle Hylurgus ligniperda Fabricius (Coleoptera: Curculionidae), is an 

exotic species with a worldwide distribution (Ciesla, 1993; Romo et al. 2016), considered one 

quarantine plague associated to export of pine logs and sown timber (Pinus radiata (D. Don)) 

being an important threat to biosecurity of coniferous forests around the world (Brockerhoff et al. 

2006). In addition, it can act as a vector of plant pathogenic fungi causing significant economic 

losses for all sawn wood exporting countries (Brownbridge et al. 2010; Kim et al. 2011). Plague 

control of H. ligniperda are used toxic insecticides to mammals and environment such as 

pyrethroids and methyl bromide fumigation for pine log exports. Moreover, the application of 

pyrethroids has caused the emergence of resistant pests (DˈIncao et al. 2012). Therefore, the 

development of a new treatment eco-friendly with environment are highly demanded by forest 

industry (Somerfield et al. 2013; van Epenkuijsen et al. 2012). 

The potentially interesting molecules are those isolated from plant natural compounds considered 

actually as an alternative to harmful conventional pesticides (De Geyter et al. 2007; Hussein et al. 

2005; Saha et al. 2010). Moreover, these natural products present several advantages in 

comparison with synthetic insecticide, because are know to be safe, effective and 

environmentally friendly (Chaieb, 2010; De Geyter et al. 2007; Dˈ Incao et al. 2012). 

Among the several indigenous medicinal herbs introduced throughout the word as an evergreen 

ornamental plant, C. parqui (Solanaceae) leaves. It has been studied in the last decades as a 

potential pesticide for the plague control of major insect pests of economic importance (Chaieb 

2010; Huanquilef et al. 2020; Zapata et al. 2006). 

Previous research reports from our laboratory highlighted the feeding deterrent activity of 

chloroform, ethyl acetate and n-butanol fractions from C. parqui leaves ethanol extract. All the 

extracts tested elicited a decrease in the weight of unsexed of H ligniperda adults, and the effects 



69 

were dose-dependent and a significant male beetle weight gain was reduced strongly by 

chloroform fraction. 

As a continuation of the recently published work, the current study was performed to identify the 

volatile organic compounds present in the active fractions obtained from fractionation of the 

chloroform fraction of C. parqui leaves ethanol extract on its antifeedant effects on male adults 

and 5th instar larvae of H. ligniperda. 

 

3.1. Materials and methods 

3.1.1. Plant material  

C. parqui leaves were collected in October 2015 in Hualpén Botanical Park (36° 48′ S–73° 10′ 

W) at the Universidad de Concepción, Chile. The identification of the specimen was corroborated 

in the Departamento de Botánica, Facultad de Ciencias Naturales y Oceanográficas, Universidad 

de Concepción, Chile. The samples were identified by biologist and botanist MSc. Alicia 

Marticorena. 

3.1.2. Insects 

Both adults and larvae of H. ligniperda were collected directly from infested bark of P. radiata 

(Pinaceae) logs obtained of sawmills, Pitrufquén, Chile, (38° 59’S, 72° 38’ W) in November 

2017. Insects were transported in plastic containers on bark substrate and maintained at 4 ºC. 

Live male insects were identified by granulation sounds in males (Bedoya et al. 2019). The male 

specimens were food-deprived for 48 h before feeding assay. Then, male beetles and larvae were 

individually weighed prior to each feeding experiment. 
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3.1.3. Extraction and isolation 

The air-dried (30 °C) and powdered aerial parts of C. parqui (500 g) were defatted with 

dichloromethane in a Soxhlet apparatus, at ~ 50 °C for 24 h (Huanquilef et al. 2020). The solvent 

was removed by a rotary evaporator, under reduced pressure at ~ 40 °C. The residue (319 g) was 

extracted with ethanol solvents (1 x 3L), in a Soxhlet apparatus at ~ 50 °C, for 24 h whit the 

ethanol extract was concentrated in vacuum evaporator until dry. The residue (150 g) was 

suspended in distilled water (1:1) and then partitioned with chloroform (1:1) in a separator funnel 

at room temperature. The residue (5.15 g) of chloroform fraction was fractionated using a glass 

column packed with silica gel 60H (Merck 70-230 mesh, 10 x 80 cm) eluted with hexane (200 

mL), hexane/chloroform (8:2, 200 mL; 6:4, 200 mL; 4:6, 200 mL; 2:8 200 mL), chloroform (300 

mL), followed by chloroform/ethyl acetate (8:2, 600 mL; 6:4, 600 mL; 4:6, 600 mL, 2:8, 600 

mL), ethyl acetate (600 mL), then ethyl acetate- methanol (8:2, 600 mL; 6:4, 200 mL; 4:6, 200 

mL; 2:8, 200 mL) and finally with methanol (200 mL) in order of increasing polarity. Three 

hundred and seventy-three sub-fractions were collected and grouped into twenty-four after 

monitoring by TLC (F1-F24) using hexane/ chloroform (6:4), chloroform/ethyl acetate (8:2, 6:4, 

4:6, 2:8), ethyl acetate/methanol (8:2, 6:4, 4:6, 2:8) as mobile phase, Analytical thin-layer 

chromatography (TLC) was performed on Kieselgel 60 F254 plates with 0.2 mm layer thickness 

(Merck). Spots were visualized by UV light or by spraying with H2SO4/AcOH/H2O (1:20:4) and 

anysaldehyde-sulfuric acid reagent. The plates were then heated for 5 min at 110 °C. The feeding 

bioassay was performed according to reported by Huanquilef et al. (2020). The continuous 

procedure of extraction and fractionation of C. parqui leaves from ethanol extracts are shown in 

(Figure 3.1.). 
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 2 

Figure 3.1. Schematic presentation of the extraction and fractionation from C. parqui leaves.3 
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3.1.4. No-choice feeding (antifeedant) assays 

The antifeedant bioassay was carried out under no-choice feeding conditions, according to 

Huanquilef et al. (2020). Briefly, 500 µl artificial diet (80.4% water, 4.3% cellulose, 2.2% 

glucose, 4.3% bark and 8.7% agar) were incorporated into transparent Eppendorf tubes (10 mm 

diameter x 35 mm length). The sub-fractions from chloroform fraction were diluted with 

chloroform to 0.6% for the feeding deterrents experiment. Then, an aliquot of 60 µl was added 

separately, ensuring homogeneous distribution of the solution in the whole diet along the tube 

and 60 µl chlroform (control) deposited on tube with diet.. The Eppendorf tube was submmited to 

ventilation at environmental temperature (20 ± 5 ºC) for 1 h to remove the respective solvent. 

Subsequently, insects were pre-weighed (iw) and were introduced in each tube, which were 

closed with a plastic cap. The feeding performances were evaluated in the vertical tube for 7 days 

under dark conditions at room temperture (20 ± 5 ºC). After the trials, the insects were removed 

from the tubes and weighed again (fw). Each fractions were tested simultaneously on 5 adults 

(males). In contrast, the 7 adults used as control, were fed in tubes containin only the diet and the 

solvent (chloroform; ethyl acetate and methanol). The feeding performance was calculated by the 

weight shift (%), where: weight shift (%) = ((fw-iw)/fw) × 100 (Toledo et al. 2014; Quiroz et al. 

2017, Espinoza et al. 2018). Similar feeding bioassay described above was carried out on fifth 

and sixth instar larvae of H. ligniperda using an artificial diet consisting of 79.3% water, 6.9% 

agar, 3.4% cellulose, 3.4% pine bark, and 3.4% wheat germ. Each bioassay was performed 24 

times. 

 

3.1.5. Larvicidal feeding behavior assay 

Larvicidal activity was evaluated in 24-microwell plates using an artificial diet according to 

Huanquilef et al. (2020). Then, solutions of active sub-fractions from chloroform fraction (60 µl) 
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diluted in their respective solvent , were added separately 0.6% to the artificial diet (500 µl) 

supplemented with 60 µl of chloroform. The microwell plates were incubated overnight at (20 ± 

5 °C), to remove solvents, Subsequently, 5th instar larvae were weighed (iw) and then, were 

introduced in each microwell plate. Each bioassay was replicated 24 times. The feeding 

performance was evaluated at room temperature (20 ± 5 °C) for 7 days under dark conditions. 

After, the larvae were removed from the microwell plates and it were weighed again (fw). The 

fedding performance was evaluated according to Espinoza et al. (2018). The percentages of 

larvae mortality was calculated (Abbott et al. 1925). 

Abbott՚s corrected mortality. 

M= [( % mortality in experimental microwells - % mortality in control microwells)/                                        

(100 - % mortality in control microwells) x 100] 

 

3.1.6. GC/MS analysis 

GC/MS analysis was performed to identify and quantify volatile compounds performed using a 

gas chromatography-mass spectrometer (Thermo Trace 1300 ISQ, Thermo Fisher Scientific Inc) 

equipped with a TR5-MS capillary column of 30 m × 0.25 mm × 0.25 μm. The column 

temperature was initially set at 35 °C, held at that temperature for 1 min after injection, increased 

at a rate of 15 °C/min to 220 °C, and held at that temperature for 1 min. Next, the temperature 

was continually increased at a rate of 2 °C/min to 200 °C, held at that temperature for 1 min, and 

then increased at a rate of 10 °C/min to 250 °C. The samples (2 µl) were injected in the splitless 

mode, and the injection temperature was set at 250 °C. Nitrogen (99.9% purity) was used as the 

carrier gas at a flow rate of 1 mL/min. The interface temperature was set at 250 °C and the 

electron energy was 70 eV. The scan range was from m/z 20 to 500 in mass detection conditions, 
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and the chromatograms were acquired in full scan mode. Volatiles compounds were identified by 

comparing their characteristic fragmentation patterns of mass spectra and retention time as well 

as computer matching with mass spectrum library the NIST (Mass Spectral Library Version 2.0). 

Additionally, Kovats Indexes (KI) was determined by injection of alkane series (C8-C34) 

(Babushok et al. 2007). All percentages correspond to the relative abundances of each sample. 

 

3.1.7. Statistical analysis 

The statistical software Statistix 10 (Tallahassee, Florida, USA) was used to analyze the data. The 

Shapiro-Wilk Test was used to test whether data conform to a normal distribution. When data 

were normally distributed, the differences in the average total insects among different treatments 

were analyzed using a one-way ANOVA test (p ≤ 0.05) with a post hoc Tukey HSD test. The 

results were expressed as means and their corresponding standard errors. 
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3.2. Results 

3.2.1. Antifeedant effect of active sub-fraction from chloroform fraction of C. parqui leaves 

ethanol extract 

The chloroform fraction from C. parqui leaves ethanol extract elicited the highest antifeedant 

behavior effects on adults and larvae of H. ligniperada (Huanquilef et al. 2020). Then, it is 

organic fraction was fractionated with increasing polarity of solvent system with hexane, 

chloroform, ethyl acetate and methanol. Result showed that feeding behavior on male                

H. ligniperda adults was affected significantly in three sub-fractions from chloroform fraction 

which showed weight reduction over of the 100%. The highest decreasing percentage of 178.4% 

were observed by F10 sub-fraction with at 0.6% concentration (Figure 3.2.). It was followed by 

F18 sub-fraction (135.1%) and F4 sub-fraction (116.1%). The least weight reduction within, 18-

45% was recorded in F17 and F24 sub-fraction. 

 

Figure 3.2. Wheight loss/gain (%) male adults of H. ligniperda fed with artificial diet 

supplemented with A) F4, F6 and F8 sub-fractions; B) F10, F13, F15 and F17 sub-fractions;       

C) F18 and F24 sub-fractions. Control: artificial diet supplemented with 10µl of respective 

solvent. Different letters indicate significant differences between treatment and control based 

one- way ANOVA Tukey´s and Fisher´s LSD tests, p ≤ 0.05). The results were expressed as 

means and their corresponding standard errors. 
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3.2.2. Larvicidal activity of active sub-fractions from chloroform fraction. 

During larval feeding bioassays experiments, we observed that larvae of 5th instar larvae of        

H. ligniperda when F4 sub-fraction was introduced in artificial diet at 0.6 % concentration. This 

elicited a significant mortality in comparison with the control. Thus, larvicidal activity was 

correlated with the antifeedant activity followed by a post-ingestive toxic effects for F4 sub-

fraction and tricosane compound. On the other hand, F18 sub-fraction had no effect on the 

mortality of 5th larvae of H. ligniperda. While larval feeding behavioral assay with standard 

commercial of n-alkane compounds as heptacosane, pentacosane and tricosane. Only, tricosane 

exhibited significant larvicidal activity in comparison with the control. In contrast, was not 

observed pupae stage when was assayed with heptacosane which may suggest that this compound 

accelerate pupae stage processes (Figure 3.3.). 

 

Figure 3.3. Effects of standard commercial n-alkane compounds and F4, F10 and F18 sub- 

fractions from chloroform fraction on the development of H. ligniperda. 
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3.2.3. Identification of major compounds of active subfraction from chloroform fraction by 

GC/MS analysis 

The GC/MS chemical analysis of active F4, F10 and F18 sub-fractions from chloroform fraction 

revealed the presence of a mixture of VOCs listed in Table 3.1. The major component present in 

the fraction 4, was pentacosane (76%) followed of tetracosane (2%), whereas low level of fatty 

acid (4%) and sesquiterpenoids (1.2%) were reported for this fraction. Moreover, five compounds 

did not were determined in the fraction 4, which present a 10.21% of the total fraction. Most of 

the compounds were found the first for this species. The hydrocarbons contributing with 0.19g in 

active F4 sub-fraction from chloroform fraction. Those hydrocarbons showed majority the 

presence of pentacosane n-alkane 0.183g. 
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Table 3.1. GC/MS analyses of active sub-fractions from chloroform fraction 

 

Fractions 

Retention 

time 

(min) 

Area 

(%) 
IK exp1 IK lib2 Compounds 

Molecular 

Weight 

(g/mol) 

Chemical          

Classes 

 

 
F4 34.06 1.2 1833 1837 Neophytadiene 278.5 Sesquiterpenoids 

 

80:20 

(CHCl3/AcOet) 
35.67 1.9 1914 1909 Palmitic acid, methyl ester 270.4 Fatty acid 

 
  42.45 1.2 2309 2300 Tricosane 324.6 Alkane 

 

  43.20 2.1 2355 2346 
5,8,11,14-Eicosatetraynoic acid, 

methyl ester 
296.4 Fatty acid 

 
  44.07 2.0 2408 2400 Tetracosane 338.7 Alkane 

 
  45.76 76.3 2508 2500 Pentacosane 352.7 Alkane 

 
F10 44.10 0.1 2410 2477 Heneicosane 296.6 Alkane 

 

40:60 

(CHCl3/AcOet) 
44.49 3.1 2434 2407 Tetracosane 338.7 Alkane 

 
F18 31.33 1.8 1725 1782 2,6,10,14-Tetramethyl-pentadecane 268.5 Alkane 

 

40:60 

(AcOet/MeOH) 
32.34 0.9 1761 1746 7-Methyl-heptadecane,  254.5 Alkane 

 
  33.40 9.2 1811 1846 2-Methyl-octadecane 266.5 Alkane 

 
  34.12 2.6 1843 1837 Neophytadiene 278.5 Alkane 

 
  36.69 19.4 1973 2045 2-Methyl-eicosane 296.5 Alkane 

 
  37.22 1.7 1998 2000 Eicosane 282.5 Alkane 

 
  40.73 1.2 2206 2208 Docosane 310.6 Alkane 

 
  42.41 0.7 2306 2300 Tricosane  324.6 Alkane 

 
  43.24 22.9 2484 2400 Heptacosane 380.7 Alkane 

1kovats indices experimental; 2Kovats indices library 



79 

3.3. Disscussion  

The plant cuticle is an extracellular hydrophobic layer made up of cutin, polysaccharides and 

waxes that acts as a structural barrier to prevent desiccation (Jeffree, 1996) and environmental 

stress such UV radiation and attack of pathogens (Gülz, 1994; Riederer and Markstädter, 1996, 

Ni et al. 2014; Sharma et al. 2018). Moreover, provides mechanical strength, and prevent organ 

fusion of leaves during its development (Nawrath, 2002). Despite their numerous properties, 

there is a lack of information about the molecular mechanism of their biological activity.  

Cuticular waxes present in this structure are composed of a mixture of aliphatic compounds such 

as include n-alkanes, primary alcohols, fatty acids, aldehydes, ketones, and esters, as well as, 

hydroxycinnamic acids and flavonoids and alicyclic components, including pentacyclic 

triterpenoids, tocopherols and steroids (Yeats and Rose, 2013). Cuticular waxes can be 

extractable with organic solvents (Samuels et al. 2008). The composition as well as quantities of 

cuticular waxes vary across species, plant organs, developmental stages, and exposition to many 

environmental factors (Riederer and Markstädter, 1996; Jeffree, 1996, Jetter et al. 2006). 

Furthemore, cuticular wax composition is often used in chemotaxonomic studies of many plant 

families (Paroul et al. 2009). For Solanaceous leaves, n-alkane fraction is predominat in cuticular 

waxes which constituting 47–93% of the total wax present in leaves as well as wax esters of high 

molecular weight (Halin̓ski and Stepnowski, 2015). Also, have been shown that long-chain 

alkanes and free fatty acids are major constituents of cuticular waxes of numerous plant species 

and these compounds through of Y-tube olfactometer bioassay have been shown to play 

important role in plant–insect interactions such as attractant and oviposition stimulant (Mitra et 

al. 2020). 
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On the other hand, Staiger et al. 2019 reported that methanol extraction of leaf cuticular 

membrane from Garcinia xanthochymus resulted in the extraction of cyclic compounds, whereas 

that chloroform extract consisted exclusively of very long-chain aliphatic (VLCA). Also showed 

that extranting waxes with methanol followed by chloroform resulted in total wax coverages 

similar to those found in wax extracts using chloroform alone. Furthermore, previous studies 

have demonstrated that the epicuticular wax of the plant species investigated consisted of VLCA, 

whereas the cyclic fraction was located exclusively in the interior of the cutin matrix (Staiger et 

al. 2019). 

In the present study, we demonstrated that three sub-fraction from chloroform fraction showed 

strong feeding behavior of the male H. ligniperda adults was affected significantly in three 

fractions which showed weight reduction over of 100%. The present result agreed with the first 

finding by Huanquilef et al. (2020), who reported feeding behavior effect of chloroform fraction 

from C. parqui leaves ethanol extract on male adults of H. ligniperda.  

The sub-fractions obtained from fractionation of the chloroform fraction from C. parqui leaves 

ethanol extract differed in them feeding deterrents activity. Where F4 and F8 sub-fraction have 

significant behavioral feeding deterrent effects on male adults of H. ligniperda. In the case, larvae 

feeding behavior assays showed that F4 sub-fraction could cause behavioral deterrence combined 

with a post-ingestive toxic effect. 

It should be noted that the larvicidal activity observed in the F4 sub-fraction was obtained 

through the same H. ligniperda adult feeding bioassays. Therefore, the feeding behavioral effect 

observed in some larvae were induced by a toxic effect of this subfraction in the larval stage. 

In this context, Müller et al (2019) hypothesized that short-term insecticide exposure of larvae 

prolongs their development time potentially due to a reallocation of energy to detoxification 

(Rodrigues et al. 2015) and consequently could develop an individual with lower body mass. 
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These results are in line with those reported by our research team and it is confirmed that           

C. parqui is a plant with antifeedant compounds. Furthemore, nutritional resources acquired in 

early life often determine individual growth into adulthood. For example, in Drosophila 

melanogaster, high larval crowding or dilution of food leads to adults with lower body mass, 

reproductive and, in some cases, transgenerational reduced body mass, while lack of sucrose in 

the larval stage induces oxidative stress (Morimoto et al. 2020). 

Then, the antifeedant efficiencies of chemical compounds depend on the dose and exposure time 

(Szczepanik et al. 2016). It has also been shown that these compounds lose their antifeedant 

properties due to the development of resistance in the insects (Szczepanik et al. 2016). 

The GC/M analyses of VOCs present in active sub-fractions from chloroform fraction revealed 

the presence of variety of chemical contituents, ranging from alkane, fatty acids,  and 

sesquiterpenoids. However the major highlight of our study is the identification of one important 

bioactive components such as pentacosane a n-alkane. Moreover, the presence of other five 

phytochemicals unknown can be attributed to the significant feeding behavior effect of active 

sub-fractions from choroform fraction. Zhang et al. (2018) reported that pentacosane elicited a 

strong deter oviposition, suggesting that this compound  may be considered as a potential 

oviposition deterrent for potential applications of potato tuberworm moth, Phthorimaea 

operculella (Lepidoptera: Gelechiidae). Moreover, Chowdhury et al. (2010) reported the presence 

of long chain alkanes (n-C18 to n-C34) present in n-hexane extract of fresh, mature leaves of 

Cestrum nocturnum (Solanaceae). Where Hentriacontane (n-C31) was established as the major n-

alkane, followed by tetracosane (n-C24) and pentacosane (n-C25), while nonadecane (n-C19) 

was the least abundant component of the extracted wax fraction. In the same context, the essential 

oils of C. diurnum included palmitic acid, stearic acid and oleic acid, have also showed 

oviposition deterrent for the bruchid beetle (Callosobruschus maculatus) and Lobesia botrana 
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(Gabel and Thiéry, 1996). Moreover, Mukherjee et al. (2014) reported that unsaturated fatty acids 

and methyl esters compounds of Hibiscus syriacus act as a feeding deterrent compound against 

curculionid Anthonomus grandis. Similarly, Todelo et al. (2014) reported significant weight loss 

of H. oscurus individuals when fed a diet supplemented with palmitic acid, which could play a 

role as an antifeedant substance. Also, Santana et al. (2012) reported that methylated fatty acids 

present antifeedant activity against Colorado potato beetle. Whereas methyl hexadecanoate, ethyl 

hexadecanoate, methyl octadecenoate and methyl icosanoate were inactive, suggesting a 

synergistic effect.  

On the other hand, the toxic effect of alcoholic extract from C. parqui were assessed by Pearce et 

al. (1992), who reported the the presence of kaurene glycosides as compound present in the 

extracts. D’Abrosca et al. (2004), showed that dichloromethane of leaves of C. parqui exhibited a 

slight phytotoxic effect on the germination and growth on Lactuca sativa plant. Similar results 

were showed by D’Abrosca et al. (2006), they isolated nine terpenoids isolated from active 

dichloromethane and ethyl acetate extracts from C. parqui. Moreover, oxylipin isolated from C. 

parqui were shown to have phytotoxic toxic effects on L. Sativa at concentrations ranging 

between 10-4 and 10-7 M (Fiorentino et al. 2007). 

Finally, this is the first report on the composition of VOCs present C. parqui leaves ethanol 

extract with antifeedant activity against H. ligniperda. Moreover, theses have been considered 

non-toxic substances (Díaz Napal et al. 2016), which could be a promising compound for the 

control of bark beetle insects.  
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3.4. Conclusions 

The study was aimed at investigating the effect of fractionation of the chloroform fraction of     

C. parqui leaves ethanol extract on feeding deterrents activity at 0.6% concentration of each sub-

fraction assayed. In conclusion our results indicate the F4 sub-fraction obtained with chloroform-

ethyl acetate system (80:20) was found to be more active fraction with respect to the control. The 

n-alkane compound such as pentacosane, tetracosane and tricosane among other would for this 

biological activity. Hence, the F4 sub-fractions from C. parqui leaves ethanol extract could be 

used as the active fraction in the treatment of control or to develop new formulations with eco-

friendly perspective for the management of H. ligniperda attack. 
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4. General discussion  

The Chilean forestry sector orients the destination of its products mainly towards foreign markets 

that are increasingly demanding with respect to the phytosanitary safety of the products 

marketed, avoiding the entry of diseases and pests. In this context, methyl bromide fumigation 

has been the mostly used method to H. ligniperda control. However, its use has caused a number 

of problems because it is considered an ozone-depleting substance, the emergence of resistant 

plague, accumulation of non-biodegradable residues in the environment that are highly toxic to 

non- target organisms (Brockerhoff et al. 2006; Huanquilef et al. 2020). 

Currently, there is a limited number of investigations on bark beetles that address the search for 

new safe and environmentally friendly control strategies in Chile as well as in South America 

(Bjorkman and Niemela, 2015; Kirkendall, 2018). One auspicious strategy for insect pest control 

of bark beetle are the feeding deterrents substances derivate of organic extracts of plants, due that 

the synthetize metabolite secondary to defend against insect attack by making the hosts less 

palatable or even toxic to the herbivory (Chapman, 2003; Yang et al. 2014; Pavela, 2016). 

Feeding inhibitors are a useful tool that could be used with additive effects into integrated pest 

management programs that involved behavioral manipulation of insect pests. 

In this study, we investigated the impact of polar and non-polar fractions upon the feeding 

behavior of the red-haired pine bark beetle, H. ligniperda Fabricius (Coleoptera: Curculionidae), 

which is one of the main quarantine conifer plague causing significant economic losses in the 

production of lumber and logs of radiata pine (pinus radiata (D. Don)). n-Alkanes present 4 sub-

fractions from chloroform fraction were identified by GC/MS, from leaves of C. parqui. The 

alkane compounds, pentacosane and tricosane, showed high feeding deterrent activity when they 

were evaluated in artificial diets in a no-choice test assayed. This resultados antifeedant effect of 
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alkanes on feeding behavior of H. ligniperda suggests that alkanes elicit antifeedant activities of 

organic fractions from C. parqui leaves on adults, and 5 th and 6 th instar larvae of H. ligniperda. 

Also, was showed that male beetle weight gain was more susceptible to chloroform and saponin 

fraction than females. Similar result was reported by Faccoli et al. (2005), against Ips typogrphus 

(Coleoptera: Curculionidae) who evaluated the feeding performance using an artificial diet very 

similar to use in this study but supplemented with terpenoids (Huanquilef et al. 2020). In this 

context it is known that plants produce in their leaves cuticular waxes which are known to protect 

the leaves of water loss of the underlying tissues, UV light and of elicited defenses against 

herbivorous insects, either deterring or stimulating insect feeding behavior (Quiroz et al. 2017; 

War et al. 2018).  

On the other hand, plants have developed direct and indirect mechanisms of defenses for prevent 

upon attack by herbivorous insects thus acquiring a series of adaptative advantages including the 

development of morphological structures such as cuticula, thorns, trichomes, cell wall thickness 

and lignification form the first physical barrier between plants and the environment, direct 

defenses and synthesis of toxic secondary metabolites, proteins (direct defenses) and emission of 

volatiles to attract predator’s intake (indirect defenses). These mechanisms of defenses affect 

feeding, growth, and survival of herbivores insect (War et al.2012). Secondary metabolites are 

compounds can be either constitutive stored as inactive forms or induced in response to the insect 

attack. Actually, many studies have reported that metabolites secondary of extract plants 

exhibited detrimental toxic, repellent and anti-nutricional effects on insects (Usha Rani and 

Jythsna 2011; War et al. 2012). The herbivore insects resist toxic compounds through alterations 

in the target sites of the compounds, increased regulation of the enzymes that degrade toxins 

(Cytochromes P450 (CYP), glutathione-S-transferases (GSTs) and carboxylesterases), the 

sequestration of toxic compounds the increased excretion of drugs and recent studies have shown 
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that some insects defend themselves thanks to the symbiotic bacteria present in the intestinal 

microbiota that degrade toxins. This activity has been reported for Hylobius abietis (Coleoptera: 

Curculionidae) (Dai et al. 2015), where symbionts bacteria degrade the terpenoids present in the 

pine bark. The expression of these defense mechanisms can result in a high level of 

tolerance/metabolic resistance to compounds with insecticidal activity, being of considerable 

importance for their survival in a hostile chemical environment. These mechanisms continue to 

evolve as insects encounter new insecticide molecules transforming these defense mechanisms 

into an ideal system of study on environmental adaptation (Li et al. 2007; Saha, 2016). 

Also, has been reported that bark beetle species that exhibit have a female-biased such as the 

mountain pine beetle (Dendroctonus ponderosae). For example, Dai et al 2015, reported that 

adult females and males of Dendroctonus armandi (Coleoptera: Curculionidae) from different 

seasons have different tolerances to host plant terpenoids and that overwintering larval survival is 

influenced by a number of physiological factors, including the size of energy store (Wang et al. 

2017; Dai et al. 2018). In addition, sexual differences in physiological characteristics, such as 

energy reserves and detoxification enzymes, are factors that can have a significant influence on 

beetle on beetle population reproduction and stabilization (Arrese and Soulages, 2010). 

it is known that in Drosophila melanogaster males and females differ in their physiology and 

susceptibility to disease (Link and Reue, 2017; Hudry et al. 2019). Physiology and metabolism 

are often sexually dimorphic, where the posterior midgut may have more extensive sexual 

dimorphism than other intestinal regions (Hudry et al. 2019). 

On the other hand, nutrients acquired in early life often determine individual growth and have 

lasting implications in early life often determine individual growth into adulthood, particularly 

important for holometallic insects, where it has been shown that the diet of larvae can play an 
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important role in determining attractiveness, fecundity, and many other features of the adult male 

and female life cycles (Morimoto et al. 2017; Hudry et al. 2019).  

These effects have been reported for adults of Droshophila melanogaster with low lipid content 

tend to have lower fertility and are more susceptible to a wide range of stresses, including low 

temperatures, starvation, and desiccation (Andersen et al. 2010). 

Males and females differ in their physiology and disease susceptibility (Link and Reue, 2017; 

Ober et al., 2008), but these factors are relatively underexplored. The results of our research 

showed that chloroform fraction of C. parqui significantly affected males of H. ligniperda and not 

females, where several factors mentioned above may explain the results obtained in this study. 

At present, commercial insecticides of botanical origin that are marketed in several countries are 

based on essential oils and compounds such as azadirachtin, rotenone, nicotine, pyrethrin (Isman 

2020). It is important to note that natural insecticides possess a broad spectrum of biological 

activity with combined mode of action at different sites, which are often different from those of 

conventional insecticides and therefore could be used successfully for the control of species 

resistant to certain chemicals. Furthermore, some of these compounds are capable of controlling 

multiple life stages of certain pests, i.e. eggs, larvae, pupae and adults, which are an additional 

indication of their multiple biological activity, therefore, commercial botanical insecticides could 

be used for the development of new products that can be applied for crop protection in both 

organic and conventional agriculture.  

However, natural insecticides have also been shown to be highly toxic because secondary 

metabolites are produced as a survival role and therefore high toxicity is an inherent feature of 

this purpose. Therefore, biotechnological formulations play an important role for the 

commercialization and application of these compounds. In addition, extraction methods should be 

standardized (Pavela and Benelli 2016). 
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4.1. Conclusion  

According to the proposed hypothesis, it is concluded that different fraction obtained from leaves 

of ethanol extract from C. parqui posseses antifeedant compounds on H. ligniperda adults and 

larval stage. The fractionation of chloroform fraction and analysis by GC/MS showed the F4 sub-

fraction elicited strong activity antifeedant, which corresponding to complex mixtures of 

compounds of n -alkanes, fatty acid and sesquiterpenoids compounds. Being, pentacosane the 

main n-alkane compounds present in the active sub-fraction on male of H. ligniperda and 

larvicidal activity also was observed in F4 sub-fraction, where this biological effect could be 

correlated with the antifeedant activity, followed by a post-ingestive toxic effects. 

Chloroform fractions of C parqui extract have been identified with anti-feedant activity in H. 

ligniperda. Among the fractions with significant feeding behavioral effect has been F4 

subfraction from chloroform fraction of ethanol extracts of C. parqui, which has presented 

specificity for males of H. ligniperda. These results have allowed establishing that C. parqui 

compounds contain fractions with biological effects in the insect-plant interaction, opening a field 

in the development of plague control from insecticides or other derivatives of botanical origin. 
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4.2. Future projections 

Reduction or complete inhibition of feeding using organic derivatives, crude plant extracts and/or 

pure allelochemicals as antifeedants has been demonstrated in several orders such as Lepidoptera, 

Coleoptera and Hemiptera, among other. Therefore, antifeedants constitute a useful element for 

integrated pest management strategies because they can protect plants from insect herbivory by 

making the host less palatable. Furthermore, antifeedants are usually safer alternative. Moreover, 

feeding deterrents are generally non-volatile and unstable molecules, and therefore their action 

can be transitory both environmentally and within the plague. Therefore, these non-polar 

compounds can be used in new formulation ecofriendly with environment with antilaimentary 

potential. Moreover, the relatively simple and cheap obtainment of this fraction is very promising 

for its commercial application. Furthermore, n -alkane as well as epicuticlar waxes are introduced 

into paper for the development of hydrophobic packaging material. In the context, 

biotechnological application of active fraction from C. parqui could be applied in nursery 

practice and packaging for export Radiata pine wood.  

On the other hand, the use of vegetable waxes, initially with alkanes, as markers in the study of 

the diet of domestic ruminants is finding increasing use in other herbivores. Synthetic alkanes 

have been used as markers to estimate digestibility and intake in fish. Although tests on insects 

have not yet been conducted, plant wax marker methods could become another study parameter 

for H. ligniperda, as females are not affected by the chlorophyll fraction in contrast to males who 

experience significant weight loss which could be used as a new parameter for the anti-feeding 

effect for this bark beetle. 
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