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Efficacy of Piper aduncum Extract against the
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Abstract

The efficacy of Piper aduncum extract was evaluated under laboratory conditions for its adulticidal

activity against the housefly Musca domestica WHO 213 strain and the wild strain from Chow
Kit, Kuala Lumpur. By topical application, the LC, and LC,, of P. aduncum extract on WHO 213
males were 6,151 ppm (= 6.2 pg/fly) and 13,353 ppm (= 13.3 pg/fly), with 11,036 ppm (= 11.0
pg/fly) and 35,252 ppm (35.3 ug/fly) for WHO 213 females, respectively. The LC, and LC,, of
P. aduncum extract on wild-strain Chow Kit males were higher, at 9,981 ppm (= 10.0 pg/fly) and
28,898 ppm (= 28.9 pg/fly), while the wild-strain Chow Kit females were 23,821 ppm (= 23.8
pg/fly) and 50,502 ppm (= 50.5 ug/fly), respectively. Resigen® insecticide yielded much lower
LC,,and LC,, values, of 3.55 ppm (= 0.004 ug/fly) and 7.88 ppm (= 0.008 ug/fly), for the WHO
213 adult males and 5.13 ppm (= 0.005 pg/fly) and 10.85 ppm (= 0.011 ng/fly), for the WHO
213 adult females, respectively. Resigen® also showed much lower LC,  and LC,, values for the
adult Chow Kit males, of 4.45 ppm (= 0.004 pg/fly) and 10.35 ppm (= 0.010 pg/fly), and adult
Chow Kit females, of 5.23 ppm (= 0.005 pg/fly) and 11.07 ppm (= 0.011 ng/fly), respectively.
There were significant differences between the effects of P. aduncum extract on WHO 213 and
wild Chow Kit (p < 0.05), and between P. aduncum extract and Resigen® for both WHO 213 and
Chow Kit wild strain (p < 0.05). P. aduncum extract, although less effective than the commercial
product Resigen®. However, it is abundante in the Tropics, and could be utilized for adult housefly

control.
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Introduction

Musca domestica Linnaeus (Diptera: Muscidae)
act as important mechanical carriers of pathogenic
bacteria, such as Shigella sp, Vibrio cholerae,
Escherichia coli, Staphylococcus aureus, and
Salmonella sp [1]. In Malaysia, several bacterial
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species have been isolated from houseflies,
including Acinetobacter sp, Bacillus sp, Enterobacter
sp, Proteus sp, Escherichia sp, and Klebsiella sp [2].
In another study in the Chow Kit area of Kuala
Lumpur, 18 species of bacteria were isolated
from houseflies [3]. In a recent study, it has been
shown that houseflies may transmit E. coli 0157:
H7 (EHEC) [4], which is highly associated with
hemolytic uremic syndrome.

Several surveys have shown that insecticide
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resistance among houseflies is wide spread and
increasing [5-7]. Pyrethroids were initially highly
effective in housefly control. Unfortunately,
very high levels of resistance to this class of
insecticides have developed worldwide, due to
their intensive use over the past 30 years [5, 8-
10]. The development of insecticide resistance
in houseflies has resulted in failure to control
housefly populations, in the areas of agriculture
and public health [11]. Considerable efforts
have been made to synthesize an alternative to
overcome this problem. Botanical products have
become more prominent in assessing current and
future pest control alternatives, [12].

Over the past two decades, surveys of plant
families [13-15] have discovered sources of new
botanical insecticides, which could possibly meet
some of this demand. The Piperaceae family has
many promising phytochemicals with insecticidal
activity [16]. Piper aduncum L, also known as
“matico”, is a member of the Family Piperaceae. It
has a wide range of traditional uses and its essential
oil is a well-known insecticide, molluscicide, and
antibacterial [17]. Previous studies have revealed
P. aduncum extract to be very efficacious against
Aedes aegypti larvae [18,19], and the parasitic
protozoan, Leishmania amazonensis [20]. However,
no study has been conducted on houseflies. The
aim of present study was to determine the efficacy
of P. aduncum plant extract against adult houseflies
in the laboratory.

Materials and methods
Plant collection

P. aduncum leaves were collected from a
secondary jungle in Gombak, 13 miles east of
Kuala Lumpur (3.29°U; 101.63°T). Botanists at
the Universiti Kebangsaan Malaysia (National
University of Malaysia), Bangi, identified and
confirmed the species.

Isolation of essential oil

Leaf samples were washed and shade-dried at
room temperature. The dried leaves were ground
into small pieces to enhance extraction yield.
Essential oils were obtained by hydro-distillation
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of dried leaves for 8 hours in a Clevenger-type
apparatus. The oil layer was separated, dried
over anhydrous sodium sulphate, and stored in
an aluminum-foil-sealed glass ampoule under
refrigeration at 8°C, until required for analysis.
Stock solutions were then prepared by dissolving
one gram of plant extract in acetone (Fisher
Scientific Malaysia, Pte, Ltd), 1% Tween 80 (Fisher
Scientific Malaysia, Pte, Ltd) and distilled water.
Stock solutions were then diluted to the required
concentrations.

Housefly collection

The houseflies used were of two strains:
WHO 213 strain (obtained from the Institute of
Medical Research) and a wild population caught
from dump sites in Chow Kit, Kuala Lumpur. The
houseflies were reared in the insectarium of the
Universiti Kebangsaan Malaysia at 25-27°C, and
55-60% relative humidity.

Adulticidal bioassay

An adulticidal bioassay was performed by
topical application [21], with slight modification.
Using a Gilson pipette, one microliter of different
concentrations of plant extract were applied to
the dorsal thorax of 3- to 6-day-old flies after
anesthetization by chilling at -10°C for one
minute per fly. Treated houseflies were placed in
paper cups, which were supplied with sugar cubes.
Knockdown effect after one hour, and mortality
after 24 hours, were counted after treatment. A
total of 6 replicates of 25 flies were used for each
concentration. The results were then compared
with the positive control, Resigen®, supplied by
Bayer Cropscience Malaysia Pte Ltd. All tests were
run at 26 + 2°C.

Statistical analysis

Bioassay data were pooled and analyzed by
standard probit analysis [22] to obtain LC,, and
LC,,. LC,,and LC,, are concentrations in ppm that
cause 50 and 90% mortality, with 95% confidence
interval. LC,; and LC,, at 1 hour and 24 hours
were then compared statistically using one-way
ANOVA.
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Results

The LC,, and LC,, values for P. aduncum
extract against adult houseflies after treatment
for one hour are shown in Table 1. Knockdown
is defined as the initial effect, such as morbid
or unusual behavior due to alterations in a
specific physiological process or processes that
take place upon contact with the toxicant.
Female houseflies from Chow Kit showed low
susceptibility towards P. aduncum extract, with
higher concentrations for LC,;(31,153.61 ppm)
and LC,, (63,292.01 ppm) values after 1 hour
exposure. Meanwhile, male Chow-Kit strain
houseflies showed higher susceptibility towards
P. aduncum extract, since lower concentrations
were recorded for the LC,, (18,434.43 ppm) and
LC,,(49,641.05 ppm) values, respectively. After
24 hours, higher LC_ (23,820.78 ppm) and LC,,
(50,501.84 ppm) values were obtained for the
Chow Kit females, and lower LC,;(9,981.39 ppm)
and LC,, (28,898.01 ppm) values for the Chow
Kit males (Table 2).

The WHO 213 male and female houseflies
proved more susceptible to P. aduncum extract
than the Chow Kit wild strain. The LC,,and LC,,
values for the WHO 213 males were 9,428.42 ppm
and 20,771.87 ppm after 1 hour’s exposure, and

6,151.46 ppm and 13,353.09 ppm after 24 hours,
respectively. The LC, and LC,, for the WHO 213
females were 17,663.86 ppm and 52,387.06 ppm
after 1 hour’s exposure and 11,035.98 ppm and
35,252.35 ppm after 24 hours, respectively. Resigen®
treatment showed much higher susceptibility than
P. aduncum extract, for both housefly strains. The
LC,,and LC, for Chow Kit females after 1 hour’s
treatment with Resigen® were 7.4898 ppm and
16.8486 ppm, and at 24 hours’ post-treatment,
5.2284 ppm and 11.0659 ppm, respectively. The
Chow Kit males after 1 hour’s treatment with
Resigen® had LC, and LC, values of 6.9523 ppm
and 14.0505 ppm, respectively, and 4.4532 ppm
and 10.3493 ppm at 24 hours’ post-treatment. The
male WHO 213 houseflies had lower LC, jand LC,
values than the female houseflies after 1 hour and
24 hours post-treatment with Resigen®. The LC,,
and LC, valuesfor the male WHO 213 were 4.9582
ppm and 12.2924 ppm after 1 hour’s exposure to
Resigen®, and 3.5509 ppm and 7.8830 ppm 24
hours’ post-treatment, respectively. The female
WHO 213 at 1 hour post-treatment with Resigen®
indicated LC, and LC, values of 6.7772 ppm and
14.1425 ppm, and at 24 hours, 5.1273 ppm and
10.8513 ppm, respectively. There was a significant
difference in the effect of P. aduncum extract

Table 1 LC_, and LC, values of P. aduncum extract against adult houseflies after 1 hour.

Strain & P. aduncum extract (ppm) Resigen® (ppm)

gender LC,, 95% CI LC,, 95% CI LC,, 95% CI LC,, 95% CI

WHO 213 Male 9,428.417>¢ 8,714.08 - 20,771.87°¢ 18,578.48 - 4.95852>  0.4655 - 12.2924 0.0720 -

10,200.27 23,745.73 52.4405 2,576.18

WHO 213 17,663.86 16,024.64 - 52,387.06* 44,213.56-  6.7772° 0.6594 - 14.1425 0.1097 -

Female 19,584.99 64,704.86 71.0719 2,058.66

Chow Kit Male 18,434.43* 16,816.10- 49,641.05° 42,479.31-  6.9523% 1.3114 - 14.0505 0.4533 -
20,310.05 60,254.46 38.4347 552.3011

Chow Kit 31,153.61%¢ 26,424.01 - 63,292.01* 46,090.59 -  7.4898" 1.7027 - 16.8486  0.5301 -
Female 36,732.30 89,105.68 40.9507 1,484.3410

2 - Significant difference (p < 0.05) compared with male WHO 213 houseflies.
b - Significant difference (p < 0.05) compared with female WHO 213 houseflies.
¢ - Significant difference (p < 0.05) compared with male Chow Kit houseflies.
4 - Significant difference (p < 0.05) compared with female Chow Kit houseflies.
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Table 2 LC,  and LC  values of P. aduncum extract against adult houseflies after 24 hours.

Strain & P. aduncum extract (ppm) Resigen® (ppm)
gender LC,, 95% CI LC,, 95% CI LC,, 95% CI LC,, 95% CI
WHO 213 Male 6,151.463>¢ 5,640.293 - 13,353.09>¢ 11,924.73 - 3.5509"¢  3.1744 - 7.8830 6.9541 -
6,683.197 15,344.31 3.8908 9.3955
WHO 213 11,035.98* 7,509.575- 35,252.35* 18,017.60 - 5.1273*  0.5928 -  10.8513  0.1578 -
Female 16,225.01 70,057.25 44.3692 832.5186
Chow Kit Male  9,981.39* 6,064.447 - 28,898.01*¢ 12,627.41- 4.4532®  0.8029-  10.3493  0.3901 -
16,428.18 66,595.99 23.5416 404.1643
Chow Kit 23,820.78 < 19,477.74 - 50,501.84* 37,075.07 -  5.2284 4.8386-  11.0659  9.7052 -
Female 29,043.69 69,816.40 5.6542 13.1912

2 - Significant difference (p < 0.05) compared with male WHO 213 houseflies.
b - Significant difference (p < 0.05) compared with female WHO 213 houseflies.
¢ - Significant difference (p < 0.05) compared with male Chow Kit houseflies.
4 - Significant difference (p < 0.05) compared with female Chow Kit houseflies.

on WHO 213 and wild Chow Kit M. domestica
(p<0.05), and also a significant difference between
P. aduncum extract and Resigen® for both WHO 213
and Chow Kit wild strain (p < 0.05).

Discussion

Many plant extracts have shown potential
insecticidal activity against houseflies. Studies
in Ceylon (now Sri Lanka) using Cinnamomum
zeylanicum bark and Cymbopogon citratus oils
showed good knockdown and mortality against
adult M. domestica, with LD, of 1.37 ug/fly and
1.71 pg/fly, respectively; C. zeylanicum leaf and
Cymbopogon nardus oils had LD, of 2.75 ug/fly
and 3.10 pg/fly, respectively [23]. Studies using
Piper betle leaf oil against adult M. domestica
indicated LC,; 10.3 and 8.7 mg/dm? after 24 and
48 hours’ exposure, respectively; C. nardus oil,
used as a standard, showed LC,,
and 24.2 mg/dm? after 24 and 48 hours’ exposure,

values of 26.5

respectively [24]. Studies in Thailand, using topical
applications of eucalyptol against houseflies and
blowflies showed that male M. domestica were
more susceptible than females, with LD, values
of 118 and 177 ug/fly, respectively. A higher LD,
for Chrysomya megacephala was obtained; 197
pg/fly for males and 221 pg/fly for females [25].
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The present study also indicated that males of
both WHO 213 and Chow Kit strains were more
susceptible than females. Studies in India, using
Campsis grandiflora aqueous leaf extract against M.
domestica adults, showed 80% mortality with 5.75
pg/fly topical application [26]. Studies in Ghana
on the toxicity of Griffonia simplicifolia seed extract
and Zanthoxylum xanthoxyloides root extract were
effective against M. domestica adults. The LD,
for 24-hour topical application of G. simplicifolia
seed extract and Z. xanthoxyloides root extract
were 0.28 and 0.35 ng, respectively [27]. Studies in
Argentina using topical applications of 12 essential
oils against M. domestica adults found that Citrus
sinensis was the most potent insecticide (LC,, =
3.9 mg/dm?), and by GC/MS analysis, limonene
(92.47%), linalool (1.43%) and 3-myrcene (0.88%)
were the principal components of the essential
oil of C. sinensis [28]. Although the commercial
product Resigen®, indicated higher adulticidal
efficacy than P. aduncum extract, constant and
long-term usage of this commercial synthetic
insecticide would likely result in resistance
problems. It is timely that a natural product,
such as P. aduncum extract, could be utilized or
combined with synthetic insecticide for use in
housefly control programs.
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