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ABSTRACT

Insecticides used in controlling Bed budgainiex lectulaus) often result in side
effects and the development of resistance. Betel IBadfef betle Linn.), soursop leaf
(Annona muricatalinn.), and EucalyptugMelaleuca cajupuji oil have the potential to
serve as natural insecticides due to their activeegtignt content in the form of flavonoids,
tannins, alkaloids and other bioactive compounds. This study aimed to evaluate the potency
of ethanol extracts of betel leaf or soursop leaf in combination with cajeput oil in inducing
mortality in C. lectularius A true experimental design was employed using a-{gsstonly
with control group design, which included a positive control (2% bifenthrin), a negative
control (distilled water), and 10 treatment groups with combinations of betel leaf or soursop
leaf extrats with Eucalyptus oil in ratios of 1:1, 1:2, 2:1, 1:3, and 3:1. Each group consisted
of 10 bed bugs, with three replications (totaling 360 bed bugs). Mortality was observed every
five minutes over one hour and analysed using the Friedman test. The redidated
significant differences in the potential of the combinations of ethanol extracts and

Eucal yptus oi | . Probit analysis was used to
bet el |l eaf and Eucal yptus oi 6f0.2/6 mbutes(ratioi on w:
1:1). For the soursop | eaf and Eucalyptus o
LTso was 0.792 minutes (ratio 1:2). The f ast

combination of soursop leaf and Eucalyptusabd 3:1 ratio.

Keywords: SoursopAnnona muricatd.inn.); Bed bugsCimex lectulariuy Eucalyptus
(Melaleuca cajupujioil; Betel (Piper betleLinn)
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ABSTRAK

Insektisida sintetis dalam pengendalian kutu busuk @tawex lectulariuskerap
menimbulkan efek samping serta resistansi. Daun sirih, daun sirsak dan minyak kayu putih
berpotensi menjadi insektisida alami karena mengandlangnoid, tanin, alkaloid dan
senyawa aktif lainnya. Penelitian ini bertujuan mengevaluasi potensi kombinasi ekstrak
etanol daun sirihRiper betleLinn.), ekstrak etanol daun sirsaknnona muricata.inn.),
dan minyak kayu putifMelaleuca cajupuji dalam mematikanC. lectularius Desin
penelitian berjenigrue experimentadengan rancangaposttest only with control group
meliputi kontrol positif(bifenthrin 2%), kontrol negatif(aquadestierta 10 kombinasi baik
daun sirih dan daun sirsak dengan minyak kayu putih perbandingah2,:2:1, 1:3, 3:1.
Masingmasing kelompok perlakuan terdiri atas 10 kutu busuk, dengan tiga kali pengulangan
(total 360 kutu). Mortalitas diamati setiap lima menit selama satu jam, kemudian dianalisis
menggunakan uji Friedman. Terdapat perbedaan potensiikasi ekstrak etanol daun sirih
atau ekstrak etanol daun sirsak dengan minyak kayu putih. Nilai da® LTso dihitung
menggunakan analisis probit. Hasil nya menun|j
dan minyak kayu putih sebesar 1,302% dagolO[976 menit (1:1). Nilai L& daun sirsak
dan minyak kayu putih sebesar 2,229% dagol0T792 menit (1:2). Mortdas C. lectularius
tercepat terjadi lima menit pada kombinasi daun sirsak dan minyak kayu putih perbandingan
3:1.

Katakata kunci: daun sirsalfnona muricatd.inn.); kutu busuk Cimex lectulariug;
minyak kayu putiMelaleuca cajupuji daun sirih Riper betleLinn)

INTRODUCTION Following the Covidl9 pandemic, a global
upward trend in bed bug infections has been
Bed bugs(Cimex lectulariuy are ecte observed (Sharifif@ et al, 2020; Gustin,
parasites that parasitise humans nocturndly24). In Indonesia, the highest prevalence
through painless bites, causing a variety iof 2023 was recorded in West Java
clinical symptoms including pruritusswell Province (54.8%), followed by Jakarta
ling, erythema, insomnia and psychologicél0.8%), Banten (8.3%) and Central Java
distress. Their bloofeeding behaviour can(3.0%). Notably, Purbalingga Regency in
lead to cutaneous manifestations ranging fra@entral Java reported a local prirece of
papular eruptions to severe allergic reactio®dgl% in 2022 (Ronawatiet al, 2022;
(Ronawatiet al,, 2022; Akhoundet al, 2023). Meisyaraet al, 2023). Additionally, anec
Additionally, C. lectulariusis identified as a dotal accounts from residents in Banyumas
potential vector for transmitting various path@and Pemalang indicate the presenceCof
gens, including viruses, bacteria and parasitestulariusin residential areas, although no
associated with diseases such as filarias@mal documentation regarding bitecin
Chagas diseas8rucella melitensisnfection, dents has been issued by local authorities.
yellow fever,Human Immunodeficiency Virus Control strategies targeting. lectu
(HIV), hepditis B and more than 40 othelarius frequently involve the incineration of
medical conditions (El Hamzaoet al, 2019). infested materials or the destruction of their
Epidemiological data from 1995 tmesting sites. As an alternative, chemical
2023 indicate that the highest prevalenc€ oftreatments are employed to preseoonta
lectularius bites was reported in Ugandaiinated belongings from physical damage
(69.9%), followed by Iran (62%), NigerigBhirich et al, 2023). Although synthetic
(21.8%) and France, where prevalence incnesecticides have demonstrated efficacy in
ased from 7% in 2014 to 11% in 202%radicating C. lectularius their
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formulations,  which often  comprisé h e Il i ce’ s nervous syst
neonicotinoid compounds such as acetamiprdntinuous neural stimulation, sustained
imidacloprid, or deltamethrin, alongsidenuscle contractions, and ultimately, death
pyrethroids, piperonyl butoxide, -Sdue to convulsions (Aripiret al, 2022;
methoprene, boric acid, silica (diatomaceolrfan et al, 2022).
earth), and sulfuryl fluoride, are not without Research exploring theombined
consequence. These chemical agents hansecticidal potential of herbal plant -ex
been linked to severe health hazards tnacts and eucalyptus oiMglaleucaspp)
humans, includig cases of toxic agent andgainst C. lectularius remains relatively
mortality, with  reported risk levelsscarce. Several studies have reported the
approaching 99% (Berengt al, 2019; Yuet strong effectiveness of essential oils and
al, 2023). Furthermore, the widespread appfilant extracts, such aJagetes ptula,
cation of synthetic insecticides has be&chinus molleCinnamomunsp., as well as
associated with the development of insecticidextures ofCapsicum annuunCitrus sinen
resistance ah potential genetic mutations irsis Tagetes minutaand Allium sativum
C. lectularius populations, with resistancAfsharet al, 2023; Walukhu and Nyukuri,
rates documented as high as 93.5% (Sna020). However, to date, no studies have
bela, 2024). specifically evaluated the insecticidal
In recent years, there has been patential of P. betleLinn and A. muricata
growing interest in the development of naturainn againstC. lectularius. Notably, pre
insecticides as alternative control stra@sg vious studies have demonstrated that a 15%
Various plant species have been identified doncentration of betel leaP( betleLinn.)
contain bioactive compounds with insecticidal shampoo formulations was capable of
properties, offering a safer and more enwviroimducing up to 80% mortality in head lice
mentally friendly alternative to synthetic ehgPedculus humanus capifigSusantiet al.,
mical agents (Settgiamtuti et al, 2017). 2024). Similarly, the application of soursop
Among these, betel IégPiper betleLinn.) leaf (A. muricataLinn.) extract at a 5%
and soursop leaf Ahnona muricataLinn.) concentration has been reported to achieve
have been widely recognised for their effica®0% mortality in papaya mealybug3afa-
as botanical insecticides. Both plants ateccus marginatys(Darlis et al, 2024).
known to possess secondary metabolites séalditionally, the eucalyptol (1;8ineole)
as tannins, alkaloids, polyphenols dial/or- content in eucalyptus oil exhibits ovicidal
noids, whichexhibit toxicity against differentand adulticidal activity againsC. lectu
lice species (Milasaet al, 2020; Darliset al, larius by damaging the mesothoracic region
2024). These compounds exert their insecf t he i nsecetal,8019h.osndy ( Zh
ticidal effects by interfering with the nervoubght of these findings, the present study
system of the target organisms, particularly bymed to evaluate the insecticidal efficacy
disrupting the transmission oerve impulses, of betel leaf and soursop leaf extracts in
leading to neuromuscular impairment armmbmbination with eucalyptus oil as a poten
eventual death (Gairet al, 2020). Eucalyptustial botanical alternative for the control of
oil, a distillate derived from the Melaleuc&. lectularius
plant, has traditionally been utilised in Indo
nesia for various applications, including as a
topical warmingagent, insect repellent and RESEARCH METHODS
respiratory aid. This essential oil contains
several active constituents with known insec This study was conducted using a
ticidal effects, such as t@neole (63%), ter true experimental design, specifically aeop
pi nyl ac et at-terpinéoll @P%). fing a podtestonly control group design,
The compound 1;8ineole functions by inhi which included two control groups and ten
biting the enzyme acetylcholinesterase-fwit treatment groups. The control groups
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consisted of a positive control group, whidAreparation of the herbal plant extracts was
received a 2% bifenthrin pyrethroid solutiomperformed in the Pharmaceutical Biology
and a negative control group, which wadsaboratory, Faculty of Pharmacy, while the
administered distilled water. The ten treatmentsecticidal bioassays were conducted in the
groups were divided into two sets based on tiedical Technology Laboratg, Univer
type of plant extract used: a combination sitas Muhammadiyah Purwokerto.
5% ethanol extract of betel d& (P. betle
Linn.) with 5% eucalyptus oil (Groups P1Tools and Materials
P5), and a combination of 5% ethanol extract The equipment utilised in this study
of soursop leaf A. muricataLinn.) with 5% comprised tweezers, glass jars, dropper
eucalyptus oil (Groups PE10). Each group pipettes, measuring cylinders, a blender, a
received the formulations in varying ratios, aetary evaporator, a stopwatch, and plastic
in a previous study \bAripin et al, (2022) containers. The materialsnaluded betel
demonstrad with 1:1, 1:3, and 3:1 ratieaves P. betleLinn.), soursop leavesA(
formulations. Based on these results, tmwmricata Linn.), eucalyptus oil, 96%
study preserves these effective ratios whaéhanol, 2% bifenthrin pyrethroid, distilled
extendingthe evaluation to additional ratiogsvater (aquadest), and specimens ©f
including: Group P1: Betel leafP. betle lectularius Additional materials consisted
Linn.) and eucalyptus oil in a 1:1 ratio; of tissue paper, white paper, almmm
Group P2: Betel leaf(P. betle Linn.) and foil, gauze, sponges and filter paper.
eucalyptus oilin a 1:2 ratio; Group P3: Betel
leaf (P. betleLinn.) and eucalyptus oilin a Preparation of Betel Leaf and Soursop
2:1 ratio; Group P4: Betel legfP. betleLinn.) Leaf Extract
and eucalyptus oilin a 1:3 ratio; Group P5: The drying of betelR. betleLinn.)
Betel leaf(P. betleLinn.) and eucalyptus oiland soursopA. muricataLinn.) leaves was
in a 3:1 ratio; Group P6: Soursop ledfA. performed using a drying cabinet until the
muricata Linn.) and eucalyptus oiln a 1:1 moisture content decreased and kxaves
ratio; Group P7:Soursop leaf(A. muricata exhibited a brownish hue. Following the
Linn.) and eucalyptus oih a 1:2 ratio; Group drying process, the leaves were cut into
P8: Soursop leaf(A. muricata Linn.) and mediumsized pieces and subsequently
eucalyptus oilin a 2:1 ratio; Group P9: ground and sieved to obtain a fine powder.
Soursop leaf (A. muricata Linn.) and A total of 250 g of each leaf powder was
eucalyptus oilin a 1:3 ratio; Group P10: weighed. The powder was then subjected to
Soursop leaf(A. nuricata Linn.) and euca maceation by placing it into a maceration
lyptus oil in a 3:1 ratio. vessel, followed by the addition of 96%
Each experimental group consisted ethanol at a ratio of 1 g of powder to 10 mL
10 specimens ofC. lectularius with three of ethanol, yielding a total volume of 2,500
replicates per group, resulting in a total of 360L of ethanol (Noeet al, 2018).
individual specimens. Mortality observations Maceration was conducted by pla
were conducted at-Binute intervals over acing the plant matail in a closed container
60-minute period, following the protocoland storing it away from direct sunlight.
described by Elbanoby (2019). This study wase mixture was allowed to stand for a
conducted betweeMay and July 2024 andminimum of three days, with occasional
received prior approval from the Healthtirring to facilitate extraction. Upon com
Research Ethics Committee of Universitgdetion of the maceration process, the mix
Muhammadiyah Purwokerto, under referentare was filtered usingjlter paper to obtain
number KEPK/UMP/83/V/2024. Specimena 5% ethanol extract of beteP.( betle
of C. lectulariuswere obtained from infected.inn.) leaf. The filtrate was then subjected
residential areas located itme Purbalinggato rotary evaporation to remove the 96%
and Pemalang districts of Central Javethanol, resulting in a concentrated and
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purer extract. The same extraction proceddoe several weeks and are capable of
was applied to sourpo(A. muricataLinn.) reproducing within 56 days (Elbanoby,
leaf (Buulolo, 2023). 2019; Zhanget al, 2019; Yuet al, 2023).

Determination of Herbal Extract Concen Testing of Control and Treatment Gro-
trations ups

Each 5% solution of betel leaf extract, Twelve plastic containers were
soursop leaf extract and eucalyptus oil wpeepared and labelled as follows: positive
prepared by measuring 5 mL of the respectigentrol, negative control, and ten treatment
pure substance into separate eamgrs, folle groups (P1 through P10). Each container
wed by the addition of distilled water (aquvas linedwith filter paper. The positive
adest) to a final volume of 100 mL. The 5%ontrol received 10 mL of a 2% bifenthrin
betel leaf extract was themmbined with 5% pyrethroid solution, while the negative
eucalyptus oilat five different ratios: 1:1 (5control was treated with 10 mL of distilled
mL : 5 mL), 1:2 (5 mL : 10 mL), 2:1 (10 mL water (Aquadest). Containers P1 through
5mL), 1:3 (5 mL: 15 mL), and 3:1 (15 mL : 5P5 were treated with various ratios of a 5%
mL). An identical mixing procedure wa®thanol extraicof betel leaf P. betleLinn.)
employed for the combination of 5% soursambined with eucalyptus oil, whereas
leaf extract and 5% eucalyptus oil (Susatti containers P6 through P10 were treated

al., 2024). with corresponding combinations of a 5%
ethanol extract of soursop le&.(muricata
Collection of C. lectulariusSpecimens Linn.) and eucalyptus oil (Buulolo, 2023).

Adult specimens o€. lectulariuswere All treatment soltions were thoroughly
collected frombeds, sofas and other damipomogenised to ensure even distribution
areas in several residents’ homeBhese within the container. Subsequently, 10 adult
insects typically range from—b mm in length C lectularius individuals were introduced
and 13 mm in width, with a dorsoventrallyinto each container. The activity and mor
flattened, ovakhaped body covered in fingality of the insects were monitored at 5
hairs (Saady, 2023). The femalg@rmeductive minute intervals over &0-minute obser
structure, known as the spermalege, is-bilation period. To ensure reliability and-re
terally paired and located on the left side pfoducibility, the experimental procedure
the fifth abdominal segment between the-lateas replicated three times (Gaiet al,
ral and central regions. In contrast, the m&620).
reproductive organ is situated between the
eighth and ninth ggments (Kawasimat al, Calculation of C. lectulariusMortality
2022). Following collection, the bed bugs At this stage, the mortality o€C.
were transferred from the collection site to tiectularius was assessed by recording the
testing location using a closed, humid €onumber of dead specimens at each prede
tainer protected from direct sunlight. To mintermined time interval, specifically every
mise stress and maintain viability, the transfeve minutes for a duration of one hour
was preferably carried out at night. Once (@aire et al, 2020). Each dead insect was
the test location, bed bugs were housed in jaogisidered a single mortality event, contri
containing circular sponges and gauze hating to the overall mortality rate calcu
simulate natural hiding environments. The jation. The percentage of mortality was
were maintained in a dark environment determinedising the following formula:
ambient room temperature (25 = 2°@pd Mortality (%) = (Number of Dead Bugs) x
relative humidity of 40 + 15%. The insectflTotal Number of Bugs) x 100%.
were fed daily with human blood and plasma This calculation was applied to each
for four consecutive days. Under these -camneatment and control group across all
trolled conditions,C. lectulariuscan survive observation time points. To ensure the
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reliability and consistency of the datéhe
observation procedure was repeated for
groups (Aripinet al, 2022).

Calculation of LCso and LTso Values of C.
lectularius
The mortality of C. lectularius was

DesembeR025 Vol. 26 No.4: 492-504

also had a statistically gnificant effect (F

all7,14; p0.0001), its contribution to the
overall variance was minimal (0,336%).
The interaction between treatment and
exposure duration was no statistically
significant & = 1,11; p < 0.2927),

accounting for 0.3137% of the total

recorded at Bninute intervals over a 60variance. These findings suggest that the
minute observation period. The median letheffect of the treatment group on insect
concentration (LCs o )moralitydwasneodsistam thlowghottathe t i
(LTs o) wer e det er mi obsalvationhperod anth nopinfloebced by a n a
lysis, based on the percentage of mortalitye exposure duration.
observed across treatment concentrations Figure 2 pesents, the analysis
(Kresnadi and Rachmawati, 2021). results, indicating that the treatment group
had a highly significant impact on insect
Data Analysis mortality (F = 6713.12; p < 0.0001), aeco
Differences in effectiveness betweeamting for 98.89% of the total variance.
observation times were evaluated using thhkis highlights the dominant role of treat
Repeated Measure ANOVA test and the Pasent type in influeneig insect mortality.
Hoc Tukey test with GraphPad Prism 10.4.0he exposure duration factor also demon
The LC50 and LT50 values were analysetrated a statistically significant effect (F =
using probit analysis. 8.78; p < 0.0001); however, its contribution
to the total variance was relatively minimal,
at only 0.2372%. Additionally, the inter
action betweentreatment and exposure
duration was found to be statistically sig
Based on the data presented in Tablenlficant (F = 2.85; p < 0.0001), contributing
the treatment groups 5% betel leaf extract abd61% to the overall variance. These
5% eucalyptus oil (1:1) (P1), 5% betel leaésults suggest a meaningful interaction bet
extract and 5% eucalyptus oil (1:2) (P2), %een the two variables, indicating that the
betel leaf extract and 5% eucalyptus oil (1:8jfectiveness o& treatment is influenced by
(P4), and 5% betel leaf extract and 5% eudhe duration of exposure and vice versa.
lyptus oil (3:1) (P5)namey the treatment of Consequently, interpreting the main effects
betel leaf extract and eucalyptus a@lemon of each factor in isolation may lead to
strated a high insecticidal potential, each achisleading conclusions.
eving 100% mortality ofC. lectulariuswithin According to the
the first 15 minutes of exposure. sented in Table 3, the combination of 5%
As shown in Table 2, the combinatiobetd leaf extract and 5% eucalyptus oil at a
treatment of soursop leaf extract and euadncentration of 1.302% demonstrated the
lyptus oil in group P10 exhibited strong insebighest efficacy, effectively causing 50%
ticidal activity, resulting in 100% mortality ofmortality of C. lectulariuswithin 5 minutes.
C. lectulariuswithin the firstfive minutes of This suggests that this formulation has
observation. significant potential as a rapatting insee
Figure 1 presentghe analysis resultst i ci dal agent . Similarly
revealing that the treatment group had a highhe combination of 5% soursop leaf extract
significant impact on irexct mortality (F = and 5% eucalyptus oil was determined to be
3842.32; p®.0001), explaining 98.63% of th.229%, indicating that this mixture also
total variance. This indicates that the tregiossesses considerable potential to achieve
ment type is the primary determinant of mo50% mortality ofC. lectulariuswithin the
tality outcomes. Although exposure duration

me

RESULTS AND DISCUSSION

LCs
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Table 1. Mean @rcentage o€imexlectulariusmortality from betel leaf and eucalyptus oll

Minutes Treatment

K+ K- P1 P2 P3 P4 P5
5 100 0 87 87 90 97 93
10 100 0 97 87 93 97 97
15 100 0 100 100 93 100 100
20 100 0 100 100 100 100 100
25 100 0 100 100 100 100 100
30 100 0 100 100 100 100 100
35 100 0 100 100 100 100 100
40 100 0 100 100 100 100 100
45 100 0 100 100 100 100 100
50 100 0 100 100 100 100 100
55 100 0 100 100 100 100 100
60 100 0 100 100 100 100 100

Description : K+ (2% bifenthrin pyrethroid),K(aquadest), P1: 5% betel leaf extract and 5% eucalyptu
(1:1), P2: 5% betel leaf extract and 5% eucalyptus oil (1:2), P3: 5% betel leaf extract and 5% eucal’
(2:1), P4: 5% betel leaf extract and 5% eucalyptus oil (1:3), P5: 5% betel leaf extract and 5% eucal’
(3:2).

Table 2. Mean Percentage©f lectulariusMortality from Soursop leaf and Eucalyptus oil

Minutes Treatment

K+ K- P6 P7 P8 P9 P10
5 100 0 77 97 93 93 100
10 100 0 87 100 97 97 100
15 100 0 100 100 100 100 100
20 100 0 100 100 100 100 100
25 100 0 100 100 100 100 100
30 100 0 100 100 100 100 100
35 100 0 100 100 100 100 100
40 100 0 100 100 100 100 100
45 100 0 100 100 100 100 100
50 100 0 100 100 100 100 100
55 100 0 100 100 100 100 100
60 100 0 100 100 100 100 100

Description : K+ (2% bifenthrin pyrethroid),K(aquadest), P1: 5% soursop leaf extract and 5% eucalypt
(1:1), P2: 5% soursop leaf extract and 5% eucalyptus oil (1:2), P3: 5% soursop leaf extract and 5% el
oil
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same observation period a s e d 0 n inmpuise tamhsmission, leading to neuromus
values presented in Table 4, the combinationlar dysfunction and eventual mortality in
of 5% betel leaf extract and 5% eucalypt@ lectularius (Milasari et al, 2020; Wah
oil at a 1:1 ratioexhibited the highest time yuni and Loren, 2015; Kresnadand Rach
based efficacy, w i tdwati, 2021; Shalsadiet al p2023;Udami9 7 6
minutes. and Porsia, 20393

This result indicates that the
formulation is capable ofinducing 50% Tabel 3 LCsoValue ofC. lectulariusMorta-

mortality in C. lectularius within lity Activity from the Combination
approximately one minuteSimilarly, the of Herbal Plants and Eucalyptus o
combination of 5% soursop leaf extract and

5% eucalyptus oil at a 1:2 ratio demonstrated Time LCso (%)

an LTso value of 0.792 mi nDS+vKP EDRgMKPTf yi ng
slightly faster lethal effect wer the same

conditions. These findings highlight the rapid > Minutes 1,302 2,229

insecticidal potential of both extract combi 10 Minutes 2,471 4,270

nations againgt. lectularius 15 Minutes 0,875 3,178
This study revealed that all tested :

treatments achie3</ed complete (100%) mor20 Minutes 1,641 2,771

tality of C. lectularius The most rapid 25 Minutes 1,625 2,680

mortality was observed in treatment P1030 pminutes 1,625 2 680

consisting of a combination of 5% soursop

leaf extract and 5% eucalyptus oil, which35 Minutes 0 0
induced total mortality in less than five 40 Minutes 0 0
) > o

minutes. In contrast, the combination of 5/_045 Minutes 0 0
betel leaf extract and 5% eucalyptus oll _

prodwced 100% mortality within less than 2050 Minutes 0 0
minutes. These results are consistent witBs Minutes 0 0
findings by Susantet al (2024), who reper 0 Minutes 0 0

ted that a shampoo containing 30% betel leat
extract achieved 100% mortality of head lideescription: LC (Letal Consentratioph EDS (Betel
(P.h. capiti$ within five minutes. Siritarly, Leaf Extract), EDR (Soursop LedExtract) MKP
Ninuk et al (2024) demonstrated that seufEuca!yptus o).

sop leaf extract elicited complete mortality of
head lice P. h. capiti$ within 15 minutes.
Additionally, studies by Afshaet al., (2023)
on C. lectularius have also reported hig
mortality rates, withTagetes patulaSchinus
molle and Cinnamomumsp. causing up to
100% mortality, while Ricinus communis
extract induced 92.31% mortalityS#&ady,
2023).

Additionally, the active constituents

found in eucalyptus oil, such as Leole,

H[ erpinyl atermned, thave beemn d
demonstrated to inhibit acetylcholinesterase
activity in the insect nervous system, com
promise membrane stability, suppress enzy

matic function and interfere with genetic
material (Joen, 2020; Aripiret al, 2022;

|rfan et al, 2022). This is consistent with the

The observed insecticidal effects ip_".
this study are likely attributed to the sy+r1e¥r]mdmgS of Saady (2023), who reported that

L ; . ucalyptus oil was capable of indngi a
gistic action of secorady metabolites Ioresenfnortality rate of 78.32% i€. lectularius

in betel and soursop leaf extracts, including This study demonstrated that thedsC

flavonoids, tannins, alkaloids, polyphenole ue for C. lectularius mortality was

and saponins. These compounds have bE' 29% following treatment with a com

reported to disrupt cellular integrity, inhibif;~ "> 0
enzymatic activity and interfere with nerv ination of 5% ethanol extract of betel leaf
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and 5% eucalyptus oil. In contrast, thesbCd i r e c t contact wi t-h t he
value was 2.229% after treatment with raately inhibiting ATP synthesis and causing
combination of 5% ethanol extract ofell death (Pradaneat al, 2023). Moreover,
soursop leaf and 5% eucalyptus oil. Thetlee treatment group P10, with a 3:1 ratio,
findings align with the study by Gaiet al. exhibited synergistic interactions among its
(2019), which reported that the eucalyptobmpounds, accelerating mortality .
content in herbal plants exhibited anggC  lectularius However, as highlighted by Gai
re et al. (2020), the potency of such combi
Tabé 4. LTso Value ofC. lectulariusmorta  nations may decrease if antagonistic effects
lity Activity from the Combination occur, particularly when the formulation is
of Herbal Plants and Eucalyptus oi not accurate. Additionally, eucalyptus oil pri
marily inhibits acetylcholinesterase enzymes

Time and does not directly toxicize the insect;
EDS + MKP  EDR + MKP therefore, if the eugenol andashicol content

in betel leaf is weakened by iciheole, the

P1 0,976 2,015 . - .
overall insecticidal efficacy may be reduced
P2 2,435 0,792 (Tiensi and Sulaiman, 2018).
P3 3,211 1,444
P4 2,438 1,444 CONCLUSION
P5 1,444 0 The combination of ethanol extract of

Description : LT (Lethal Time), EDS (Betel Le: P€t€l leaf and eucalyptus oil, as well as the
Extract), EDR (Soursop Leaf Extract), MK combination of ethanol x¢ract of soursop
(Eucalyptus oil ). P1 (ratio of 5% herbal extract ¢ leaf and eucalyptus oil, shows promising po
5"/;’ eticahépg;/s ol o tl:l)"|P2t (1'“32‘;0;; (5"/;{ hef” tential for controlling C. lectularius The
extract and 5% eucalyptus oil at 1:2), P3 (ratio o - :

herba extract and 5% eucalyptus oil at 2:1), P4 (re fa.lSte.St mortality was observed with the eom
of 5% herbal extract and 5% eucalyptus oil at 1:3), Pination of ethanol extract of soursop leaf

(ratio of 5% herbal extract and 5% eucalyptus oil and eucalyptus oil at a 3:1 ratio, achieving
3:1). complete mortalit in less than 5 minutes.

value of 191.1% againg. lectularius The SUGGESTION
LTso values indicated that the combination of
5% ethanol extract of betel leaf and 5% To optimize the efficacy and safety of
eucalyptus oil at a 1:1 ratio induced mortaliie combination of herbal extracts and euca
in C. lectularius within 0.976 minutes. Inlyptus oilagainsC. lectulariuswithin a short
comparison, the combination of 5% ethanekposure time, higher concentrations and
extract of soursop leaf and 5% eucalyptils more suitable application formulations, bBuc
at a 1:2 ratio produced an kflvalue of as sprays or aerosols, should be evaluated.
0.792 minutes againstC. lectularius Additionally, field testing should be conduc
Consistently, a study by Kresnadi and Radfed to assess the potential effectiveness of
mawati (2021) reported that the active eorthese treatments under reebrid conditions
pounds in betel leaf exhibited an dgvalue in household or bedding environments.
causing 50% mortality of the brown stink
bug Riptortus lineari$ within 26.8 hours. ACKNOWLEDGEMENT

The efficacy of the combination of
5% ethanol extract of soursop leaf and 5% Thanks to the Resezh and Com
eucalyptus oil may be attributed to sever@unity Service Division of the University of
factors. Soursop leaf contains acetogemfuhammadiyah Purwokerto for funding this
compounds, which are not found in betgsearch through the Fundamental Il Grant
leaf; these compounds exert toxicity througBcheme, No. A.1-11/7473-S.Pj./LPPM/II/
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