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ABSTRACT

Adverse effect of chemical pesticides on non- target organisms and environments leads the
shifting to biopesticide implementation in agricultural industries in the recent years. Natural
source biopesticide especially the plant-based biopesticide is gaining attention for their efficacy
in controlling insects and because their application that employs Integrated Pest Management
(IPM) approaches. Species from Piperaceae family are common herb which widely grown and
spread throughout the world especially in Asia countries. Most of plants in the family contains
various active chemical constituents that are responsible for biological and pharmacological
activities. This paper aims to review and discuss the previous studies and research on the
phytochemistry and insecticidal properties of Piper species in order to provide a scientific
consensus for further research as a potential biopesticides. Further studies of Piperaceae plant
are recommended to focus on their insecticidal actions on insect pests, thus, improving its
benefits to non-target organisms and environment.
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ABSTRAK

Kesan buruk racun kimia terhadap organisma bukan sasaran dan persekitaran menyebabkan
peralihan kepada pelaksanaan biopestisid dalam industri pertanian sejak beberapa tahun
kebelakangan ini. Biopestisid berasaskan sumber semula jadi terutamanya berasaskan
tumbuhan semakin mendapat perhatian kerana keberkesanannya dalam mengawal serangga
dan kerana aplikasinya yang menggunakan pendekatan Pengurusan Perosak Bersepadu (PPB).
Spesies dari famili Piperaceae adalah pokok herba yang banyak tumbuh dan terdapat di seluruh
dunia terutamanya di negara-negara Asia. Kebanyakan tumbuhan dalam keluarga ini
mengandungi pelbagai juzuk kimia aktif yang bertanggungjawab untuk aktiviti biologi dan
farmakologi. Kertas kerja ini bertujuan untuk menyemak dan membincangkan secara ringkas
kajian dan penyelidikan terdahulu mengenai sifat fitokimia dan insektisid bagi spesies Piper
bagi menyediakan konsensus saintifik untuk penyelidikan lanjut sebagai biopestisid yang
berpotensi. Kajian lanjut mengenai tumbuhan Piperaceae adalah disyorkan untuk memberi
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tumpuan kepada tindakan insektisid tumbuhan tersebut terhadap serangga perosak, dengan itu,
meningkatkan kelebihannya kepada organisma dan persekitaran bukan sasaran.

Kata kunci: Piperaceae, Piper, konstituen kimia, mekanisma tindakan, aktiviti insektisidal
INTRODUCTION

Over the years, synthetic chemical pesticides have played a very significant role in managing
the population of the pest compared to other control approaches. However, continuous use of
chemicals can negatively affect environment and non-target organisms (Azmi et al. 2022).
Thus, alternative to chemical such as plant-derived biopesticides should be implemented, as
there are growing numbers of attention and priority of researches on its effectiveness because
of their non harmful mechanism to non-target organisms and cost (Abdullah et al. 2020; Nurul
Farah & Nurul Huda, 2024; Brito & Joshi 2016; Prabhakaran et al. 2017). Biopesticides are
capable to exert the same effects as chemical pesticides but it is developed from plants, animals,
bacteria as well as minerals source to manage pests (Lengai & Muthomi 2018; Kachhawa 2017;
Kumar & Singh 2015). Biopesticides is a natural and biologically occurring compounds
derived from natural sources like plants, animals, fungi, bacteria, and minerals (Khursheed et
al. 2022).

Analysis by Shattuck et al. (2023) based on database from FAO found that in the recent
years, in global and low-income countries, the pesticide use increased by 20% and 153%,
respectively, during the same period. From a study by Halimatunsadiah et al. (2016) concluded
that farmers’ most common option for pest management practices are the use of synthetic
pesticide 97.6% compared to 8.2% use of biopesticide. A latest statistic done by Siddharta
(2024), pesticide usage in Malaysia has the lowest amount in 2020 (for the period 2012 to
2021) with 36,080 metric tons but increased by 25% in 2021 with amount of 45,670 metric
tons. The highest recorded usage was in 2016 with 67, 290 metric tons.

This paper reviews the promising insecticidal activities of Piperaceae and briefly
discussed the previous studies and researches for the phytochemistry and toxicological
properties of Piperaceae in orders to provide a scientific consensus to be commercially develop
into biopesticide products that are competitively toxic to target pest, safer to environment and
cost-efficient.

Piperaceae

The Piperaceae family, commonly name as pepper is large flowering plants that may be small
herbs, trees, or shrubs (Kuete et al. 2013). Piperaceae consists approximately 3600 species in
13 genera and the well-known genus is Piper with around 2000 species widely spread in warm
tropical and subtropical regions and native and cultivated mostly in India (Oyemitan 2017;
Tamokou et al. 2017). Piper are aromatic plants used as spices in the kitchen, but their
secondary metabolites have also shown biological effects on human health (Shango et al.
2021). Many species from family Piperaceae were found to exhibit phytochemicals with
insecticidal potency especially Piper nigrum and P. guineense (Scott et al. 2004).

Piper nigrum can be herbaceous, shrubs or climbers, cylindrical stems, alternate leaves,
very small flowers, opposite inflorescences to leaf or axillary, small bracts, copious starchy
perisperm seeds and drupe or nutlet-like fruit is usually a drupe or nutlet (Xu & Deng 2017).
Piper guineense is a perennial climber vine that has greenish-yellow flower and oval reddish-
brown fruits that turn black when dried (Alagbe et al. 2021). Piper betle is a stimulant, the
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leaves are pungent and have aromatic flavour and has been used in traditional medicine. Piper
sarmentosum is a creeping herb species from family Piperaceae that have green alternate heart-
shaped and waxy leaves (Rahman et al. 2016). Table 1 shows the most common species of
Piperaceae all over the world.

Table 1. Piper species, origin and its usage
Piper species Country of Origin Uses References
Piper nigrum L. India Used as food spice, Srivastava & Singh
medicinal uses for (2017)
digestive and
respiratory disorder
Piper guineense West Africa Used as in culinary as Oyemitan (2017)
Schumach. and Thonn. food spices and
traditional source of
medicine
Piper betle L. Malaysia Used as medicine, Biswas etal. (2022)

taken raw as food, leaf

and areca nut use in

cultural ceremonies
Piper  sarmentosum Vietnam Use as food source and CABI 2022; Sun et al.
Roxb. for treatment of wind- (2020)

cold cough, fever,

rheumatism arthralgia,

diarrhea dysentery,

postpartum foot

swelling, stomachache,

toothache,  diabetes,

and traumatic injury.
Piper aduncum L. Brazil Possess fungicidal and ~ Morais et al. (2023)

insecticidal activities,

antibacterial,

antileishmanial,

antioxidant,

cytotoxic/antitumor,

larvicidal, antiplatelet,

molluscoidal and

antiviral ones
Piper  tuberculatum Mexico to Tropical ~ Used in  folklore Salehi et al. (2019)
Jacq. America medicine as

antidiuretic, analgesic

and sedative and

antidote for snakebites

and to treat digestive

disorders
Piper methysticum Southern Pacific Use for recreational  Srivastava & Kumar
Forster f. islands and therapeutic (2021)

purposes. Traditional
medicine to reduce
anxiety and is
sometimes paired with
alcohol for recreational
use.
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Piper longum L. India Antifungal, Pandey (2008)
insecticidal,
antimicrobial,
antiamoebic,
antidiabetic,
antioxidant, anti-
cancerous and effect on
respiratory system.
Piper auritum Kunth Southern Mexicoto ~ Medicinal uses for Narayanswamy (2013)
Colombia chest pain, colic,
cramps, dyspepsia,

fever, gout, headaches,
high blood pressure,

inflammation,
rheumatism, sores,
wounds and snake-
bite.

Piper cubeba L 1.

Java and Borneo

Herbal medicine used
for the treatment of
many diseases, such as
respiratory and
digestive disorders

Drissi et al. (2022)

Piper umbellatum L.

America

Used as a traditional

medicine to  cure
inflammation and
gastrointestinal

disorders and possess
anti-inflammatory and
gastroprotective
activity.

Arunachalam et al.
(2020)

Piper
Jacq.

marginatum

Guatemala to Brazil

Used in traditional
medicine for healing
properties and to treat
snakebites,
inflammation, wound
healing, malaria, dental
caries, liver or bile
related problem,
haemostatic, and for its
analgesic effects. Also
used in food industry
as sweetener and
flavouring agent.

Sequeda-Castafieda &
Gutierrez (2015)

Piper attenuatum
Buch.-Ham. ex Migq.

India

Used as a traditional
medicinal plant in
India to treat headache

and muscular pain,
possess anti-
inflammatory,

antibacterial and

antioxidant effects

Kim et al. (2017)

Piper ribesioides Wall.

Indonesia, Peninsular
Malaysia

Used for treatment of
diarrhoea, abdominal

Ridzuan et al. (2021)
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pain and asthma and
also as food flavour

Piper stylosum Miq. Malaysia Eaten as raw vegetable, Wan Salleh et al.
as food seasoning and (2014)
confinement medicine

Chemical Constituents of Piperaceae

Piper nigrum is the most well-known spice due to its pungent smell caused by the presence of
piperine and its worldwide popularity as a food flavour (Salehi et al. 2019; Shango et al. 2021).
Diverse metabolites content of Piper nigrum such as piperine, alkaloids, oleoresin, phenolic,
terpenoids, lignan, carotenoids, flavonoids, amides, essential oil and aromatic compound
illustrate pharmacological characteristic and combination of these substances produce the
odour, scent and tint of P. nigrum (Ashokkumar et al. 2021; Bermawie et al. 2019; Emira et al.
2021: Goswami & Malviya 2020). Such chemical constituents like alkaloids, glycosides,
tannins, flavonoids, terpenes and some secondary metabolites were also found from the
extraction of P. guineense and it was confirmed that they produced several medicinal properties
(Alagbe et al. 2021). Another review by Rahman et al. (2016) has been investigated the
chemical compounds, ethnomedicinal uses and pharmacological properties and summarized
that P. sarmentosum contain compounds including alkaloids, sarmentosine, phenylpropanoids
and several more and possess antimicrobial, antioxidant and anticancer properties. Piper betle
leaf extract also shows the presence of phytochemicals including tannins, alkaloids, saponins
and glycosides (Nayaka et al. 2021).

The essential oil leaves extract was found able to fight against insect attacks and
bacterial, fungal, and protozoan infections (Biswas et al. 2022). High level of antioxidant
properties is discovered in phytochemicals and essential oils of P. nigrum as compared with
artificial antioxidants and showed antibacterial and antifungal characteristics towards human
pathogens (Salehi et al. 2019). A review by Abdullah et al. (2020) stated that essential oil from
P. nigrum can control infestation of Escherichia coli and Staphylococcus aureus because the
presence of B-caryophyllene and limonene and piperine while components such as 4H-pyran-
4-one,2,3-dihydro-3,5-dihydroxy- 6-methyl- (DDMP);octanamide, N,N-dimethyl;3-(4-
methoxyphenyl) propionic acid that isolated from P. sarmentosum can controlled Xanthomonas
oryzae and Pseudomonas fuscovaginae. Table 2 shows some studies of Piperaceae compound
on insect pests and their efficacy.

Table 2. Summary of key studies
Study Piperaceae Major Compound Target Pests Observed Efficacy
Rohimatun et  Piper Dillapiole Sitophilus oryzae Showed higher toxicity to
al. (2023). aduncum Callosobruchus female adults of C.
maculatus maculatus than S. oryzae
Weluwanarak  Piper nigrum  a-pinene, sabinene, Stomoxys Higher mortality compared
et al. (2023) limonene, and (- calcitrans to control in contact and
caryophyllene fumigant toxicity
Fazolin et al. Piper Dillapiole Spodoptera Dillapiole contents between
(2022) aduncum frugiperda 68%
- 88% and 82% - 100%
promote, respectively,

optimal and

stable residual and topical
contact toxicity against S.
frugiperda
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Kumrungsee  Piper piperine, Spodoptera Toxicity test of the
etal. (2022)  ribesioides phenethylcinnamamide exigua compounds produced
and cinnamic acid synergistic, additive, and
antagonistic action after
combining with thymol
Subaharan et Piper betle Eugenol and eugenol Musca domestica  Caused higher ovicidal
al. (2021) acetate activity, fumigant toxicity
to adults, contact toxicity
caused higher mortality to
larval and adult stages
compared to essential oil.
AraUjo et al.  Piper Dillapiole Plutella xylostella  Caused the highest toxicity
(2020) aduncum and
feeding deterrence
Hematpoor et Piper asaricin 1, isoasarone Sitophilus oryzae Asaricin 1 and isoasarone 2
a. (2017) sarmentosum 2, and trans-asarone 3 Rhyzopertha were the most toxic to the
dominica insect pests and
Plodia significantly reduced
interpunctella oviposition and  adult
emergence
Wan Salleh et Piper Camphene Bacillus cereus Microbial ~ activity  to
al. (2014) ribesioides B-Caryophyllene Staphylococcus bacteria B. cereus and S.
aureus aureus
Wan Salleh et Piper stylosum Sabinene Staphylococcus Exhibited the highest zones
al. (2014) B-Caryophyllene aureus of  inhibition  against
Aromadendrene Candida albicans  bacteria S. aureus
Candida strong
neoformens antifungal activity towards
fungus, C. albicans and C.
neoformans
Scott et al. Piper nigrum  pipercide, pellitorine Callosobruchus Seed extract was found to
(2008) and piperine chinensis be toxic to C. chinensis
Scott et al. Piper Guineensine Callosobruchus Topical application  of
(2008) guineense maculatus guineensine isolated from
seed extract causd toxicity
to C. maculatus.
Scott el at. Piper nigrum  Isobutyl amides Malacosoma Caused lethal effect
(2004) Piper americanum
guineense Neodiprion
Piper sertifer
tuberculatum Yponomeuta
cagnagella
Pyrrhalta viburni
Acalymma
vittatum
Leptinotarsa
decemlineata
Popillia japonica
Blissus
leucopterus hirtis
Scott el at. Pipernigrum  Isobutyl amides Lilioceris lilii Repellent properties
(2004) Piper Ostrinia nubilalis
guineense
Piper
tuberculatum
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Terpenoids Compound

Essential oils of P. nigrum were reported to produce monoterpene hydrocarbons, sesquiterpene
hydrocarbons, small amount of oxygenated monoterpenoids, oxygenated sesquiterpenoids, -
caryophyllene, camphene, sabinene, limonene, 3-carene, a-pinene and B-pinene (Milenkovié
& Stanojevic¢ 2021). In a study by Nugroho et al. (2020), it was found that essential oil of eight
species of Piper extracts (P. acutilimbum, P. sarmentosum, P. betle, P. porphyrophyllum, P.
majusculum, P. Molissimum P. caninum and P. baccatum) consist terpenoid compounds that
classified into three diterpenes, four monoterpenes and 14 sesquiterpenes. Another study by
Baldoqui et al. (2008) had successfully isolated nine compounds from Piper umbellata leaves
extract including one terpenoid glucoside, five two lignans and 4-nerolidylcathecol
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Figure 1. Monoterpenes structure isolated from Piper cubeba (Abdul-Jalil & Nasser

2020)

Alkaloids Compound

Previous report confirmed that several number of amide alkaloids isolated from Piper species
possess piperidine, isobutyl, pyrrolidine, benzylamine moieties, dihydropyridone, dimeric
amides and aristolactams. These alkaloids responsible for such biological activities like
adulticidal, insecticidal, antibacterial, antidepressive, larvicidal and antifeedant actions by
disturbing acetylcholinesterase receptor site, interfere neuromuscular juncture permeability,
produce new nerve impulses which caused spasmodic contractions, slow larval development
that eventually leads to insects’ death (Boate & Abalis 2020; Xiang et al. 2016). Piperine is a
yellow crystalline material of molecular formula Ci17H19NO3, an alkaloid isolated from P.
nigrum that is responsible for the plant spiciness (Milenkovi¢ & Stanojevi¢ 2021). Amides are
component isolated from Piperaceae family that produce piperine which possess insecticidal
properties and it has been proven that the insecticidal action was derived from P. nigrum
(Fazolin et al. 2014). Piperine, piperlonguminine, dihydropiperlonguminine,
dihydropiperineand and pipercide are piperamides that were isolated from P. nigrum seed and
P. tuberculatum leaf extract (Scott et al. 2008).
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Figure 2. Chemical structure of piperamides isolated from Piper nigrum (Gurley 2012)

Phenolic Compound

Polyphenols are naturally occurring organic compounds of plant origin with different chemical
structures. Polyphenols and essential oils content in P. betle leaves possess several bioactivities
such as antimicrobial, antioxidant and antibacterial activities (Tagrida & Benjakul 2021).
According to Milenkovi¢ and Stanojevi¢ (2021), phenols in P. nigrum are a mixture of phenolic
acids (hydroxybenzoic, hydroxycinnamic, quercetin and kaempferol) and flavanol glycosides
(isoquercetin, isoramnetin, kaempferol-3-O arabinoside-7-ramnoside, kaempferol-3-O-f-
glucoside, 3-O-B-D-rutinoside and quercetin-3-O-B-D-rutinoside). Piper genus was reported to
exert more than three types of lignans and neolignans that control themethylenedioxyphenyl
(MDP) functionality. Lignans which act as plant defense mechanism can be found from several
plant parts such as stem, root, bark, leaves and seed are vary in amounts, sizes and models
(Fazolin et al. 2014; Scott et al. 2008; Xiang et al. 2016). Tannins leads to antifeedant action
and death of insects by interfering the biochemical activity like precipitates and inactivates
adhesion enzymes and cell development proteins of the insects (Boate & Abalis 2020).
Flavonoid is another plant metabolite that can be classified into isoflavonoids and
proanthocyanidins that can control insects’ behaviour, growth, feeding, obstruct their
development and cause mortality (Fazolin et al. 2014).
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Figure 3. Phenolic acid and flavonoid chemical structure isolated from Piper cubeba

(Abdul-Jalil & Nasser 2020)

Insecticidal roperties of Piperaceae

Lignans in Piperaceae can form an important cytochrome P450-dependent monooxygenase
inhibitors that produce synergistic effect for natural insecticide when they associated with
methylenedioxyphenyl group (Fazolin et al. 2014). Aliphatic chain amides and isopentyl
amides also isolated from Piperaceae were found to produce insecticidal characteristics against
Aedes aegypti, Culex pipiens pallens and Mycobacterium tuberculosis H37Ra (Xiang et al.
2016).

Piper nigrum was identified to be potentially competent to act as molluscicide
compared other plant derivatives and synthetic because P. nigrum possess important secondary
metabolites which promotes anti-feedant and molluscicidal activities at varying levels (Daud
et al. 2023; Srivastava et al. 2009). Piper nigrum fruit powder extracted from ethanol,
chloroform and acetone solvents confirm the presence of molluscicidal activities in the plant
(Srivastava et al. 2009). Piper nigrum and piperine were fed to Anopheles gambiae and it was
concluded that P. nigrum produce higher mortality number at 24 hours after treatment
compared to by piperine at 48 hours after treatment (Samuel et al. 2016). Investigation on the
toxicity of P. nigrum extract against Sitophilus zeamais show 100% mortality 96 hours after
treatment (Choden et al. 2020). Evaluation of the insecticidal efficacy of P. nigrum against
stable fly, Stomoxys calcitrans expressed a linear relationship between S. calcitrans mortality,
essential oil concentration and time of exposure (Weluwanarak et al. 2023). Another
insecticidal study of P. nigrum was conducted by Sleem (2021) agreed that the plant extract
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can cause toxicity and repellent to Rhyzopertha dominica with mortality of 56.67% after 72
hours of treatment at 0.25% concentration while mean percentage repellency of 76% in 2%
concentration. On the other study, the acute toxicity test demonstrated that P. nigrum essential
oil present high toxicity properties against larvae and adult Anopheles gambiae with lethal
concentration of 15 ppm and repellency varied at vary concentrations (Kemabonta et al. 2018).
Isolation of piperamides (piperine, pipercide and peelitorine) from P. nigrum and guineensine
isolated from P. guineense caused toxicity to Callosobruchus chinensis and Callosobruchus
maculatus, respectively (Scott et al. 2008). Several reports confirmed the efficacy of P.
guineense in controlling stored grain pests, caused 100% mortality rate of Plutella xylostella
larvae infesting beans and possess repellent properties against Cosmopolites sordidus (Alagbe
etal. 2021).

A review from Radwan and Gad (2021) revealed that GCMS analysis of the P. betle oil
extracts contains molluscicidal activity against Pomacea canaliculata and depend on time and
concentration of treatments. A statistical analysis by Yushananta and Ahyanti (2021) to
determine the effect of P. betle leaf extract concentration on the mortality of Musca domestica
found that all five concentrations were significantly different to the control treatment with the
highest mortality was at concentration of 25%, with dead rate of 8.37, the lowest mortality was
at a concentration of 5%, 4.50 and 0.12 in the control treatment. Another study on M. domestica
concluded that P. betle essential oil of and its chemical compound caused toxicity to larvae and
adults of M. domestica either via topical application and ingestion action. However,
components from the essential oil which are eugenol acetate and eugenol exhibited higher
toxicity compared to P. betle essential oil against M. domestica (Subaharan et al. 2021). In an
antibacterial test against Escherichia coli, Staphylococcus aureus, Klebsiella and
Pseudomonous, P. betle aqueous and ethanolic extract showed the highest antibacterial activity.
In the same study to determine larvicidal activity against Culex quinquefasciatus, 100% of
mortality the produced from ethanolic extract of P. betle (Prabhu et al. 2022).

Another review by Azelan et al. (2020) discussed about chemical content and biological
activities of P. sarmentosum including antioxidant, antimicrobial and antidepressant properties.
Piper sarmentosum essential oil displayed contact toxicity and antifeedant effects in the first
and second instar larvae and showed fumigation effect against eggs and pupae of Brontispa
longissimi (Qin et al. 2010). Asaricin 1 and isoasarone 2 are the chemical constituent extracted
from P. sarmentosum roots that produced the highest mortality rate against storage pests
Sitophilus oryzae, Rhyzopertha dominica, and Plodia interpunctella after exposed to the treated
grains for 72 hours (Hematpoor et al. 2017). Othman et al. (2021) has conducted a study on
larvicidal activity of the P. sarmentosum leaves extracts against Aedes aegypti in different
solvents and found that hexane extract exhibited a remarkable highest larvicidal activity
compared to other solvents with LCso of 39.04 pg/mL and contain the highest total flavonoid
and total phenolic content.

Piper As Natural Insecticide

In a study by Scott et al. (2008), they concluded that combining Piper extracts with other
insecticide like pyrethrum can decrease insect resistance toward insecticides. Another research
by Kumrungsee et al. (2022) revealed that there were synergistic, additive, and antagonistic
action produced from combination of piperine, phenethyl cinnamamide and cinnamic acid
isolated from P. ribesioides extract with thymol against Spodoptera exigua. Combination of
three amides; piplartine, 40-desmethylpiplartine and cenocladamide isolated from P
cenocladum was found to be synergistic in delaying growth, weakening survival rate, reducing
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pupal weight and feeding deterrent against S. frugiperda, Eois spp. and P. clavata (Dyer et al.

2003).

In a study by Oliveira et al. (2023) to compare the effect of synthetic insecticide
deltamethrin and essential oil of P. aduncum (EOPA) against S. zeamais concluded that
deltamethrin caused greater toxicity compared to EOPA but the combination of these two
produced synergistic effect against the insects. Another research to compare the effectiveness
of natural insecticide extracted from A/lium sativum, P. nigrum and Syzygium aromaticum with
synthetic insecticide containing prallethrin against ants found that the both mixture of natural
insecticide and prallethrin shows almost similar effect 9.67 and 10.0 average number of ants
killed, respectively (Nawi 2021). From a research by Agbor et al. (2023), it was found that
there is no significant difference in controlling maize pests, fall armyworm and snails between
synthetic pesticides (cypermethrin) and P. guineense emulsion (piperamides). Figure 1 shows
the mechanism of action of Piperaceae.

*Han et al. (2021) first found that piperine isolated from P. nigrum can
inhibit the insect chitinase from Ostrinia furnacalis

« Asaricin 1 and isoasarone 2 caused acetylcholinesterase (AChE) inhibition
of Sitophilus oryzae, Rhyzopertha dominica and Plodia interpunctella
(Hematpoor et al. 2017).

Lignins with methylenedioxyphenyl from P. aduncum can detoxify
insecticidal molecules (Oliveira et al. 2023)

*The isobutyl amides pellitorine and 4,5-dihydropiperlonguminine
extracted from the seeds of P. tuberculatum could cause an acute dermal
toxicity when applied to the dorsum of the prothorax surface of Anticarsia
gemmatalis (Navickiene et al. 2007).

AN

*Eugenol acetate, eugenol and B-caryophyllene extracted from P. betle
caused mortality to larval and adult stages of M. domestica

« Adult S. zeamais mortality in grains treated with ethanol extracts of P.
guineense contained secondary metabolites such as alkaloids, glycosides,
phenols, resins, saponins and tannins were significantly different from S.
zeamais mortality in the control grains (Akinbuluma et al. 2017).

AN

» Fumigant toxicity test of sabinene and alpha-pinene were found to cause
100% mortality S. oryzae 48 hours after treatment.

*Eugenol extracted from P. betle caused fumigant toxicity to adults M.
domestica

AN

*The insecticidal effect of the essential oil and dillapiole [1-allyl-2,3-
dimethoxy-4,5-(methylenedioxy) benzene] extracted from Piper aduncum is
found to interfered with the enzymatic detoxification in arthropods (Fazolin
et al. 2022).

J

«Camphene and a- and B-pinene isolated from Piper subtomentosum and
Piper septuplinervium produced growth delay of Spodoptera frugiperda
larvae at the concentrations tested (Avila Murilloa et al. 2014).

Figure 1. Mechanisms of action of Piperaceae compounds on insect pests
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CONCLUSION

Research on Piper species and other plant extracts with insecticidal potential has gaining
researchers’ attention for their promising natural defence compounds and that is why the
mechanism and secondary metabolism of these plant and plant products should be further
explored and study. A special attention should also be given to the synergism produced from
these plant combinations that can encounter insect resistance to formulation, low toxicity on
non-target organism, reduce environmental pollution and novel target site. However, there are
some challenges and limitation faced by biopesticides integration and shifting into pest control
practices even though they meet the requirements of sustainable development in integrated pest
management (IPM) practice. Hence, adequate awareness is important to convince farmers on
the availability, benefit, and prospects of implementing biopesticide as alternative insect
control. Thus, this review paper will definitely helpful in providing information of potential
Piper species that can be develop into biopesticide that will be acceptable in the global
communities.
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