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ABSTRACT
Objective. The aqueous and pelletized admixture of Piper nigrum
L. was evaluated for its oviposition response and larvicidal
activity against Aedes aegypti mosquitoes.

Methods. The aqueous and pelletized extract of Piper nigrum L.
was prepared and first tested in the laboratory. Efficiency is
evaluated using the mosquito-chamber test. A small-scale field
test was also done to determine the oviposition response of the
pepper extract to ovicidal-larvicidal (OL) traps. Larvicidal
bioassay following the WHO standard protocols with slight
modification at different concentrations was performed.

Results. Results of the mosquito chamber test in the laboratory
showed that the aqueous solution exhibited an increasing rate
of oviposition attraction of female Aedes aegypti to increasing
rate of concentration with an average of 70% attraction at 1000
ppm as compared to 30% attraction to OL traps with water
alone. The aqueous pepper-based solution and pelletized
pepper solution at 1000 and 2000 ppm are considered
attractants to Aedes mosquitoes. Both solutions have oviposition
activity index (OAl) of > +0.3. It was also field tested on the 10
buildings within the Department of Science and Technology
(DOST) compound. Results showed an oviposition ratio two
times better in both the 1000 ppm concentration of the aqueous
pepper-based solution and pelletized pepper solution as
compared to the control. The positive ovitrap index was in the
range of 78%-84% for both the aqueous pepper-based and
pelletized pepper against water which is 70.0%. Larvicidal
activity of the aqueous pepper-based solution against 3'¢ larval
instars of Aedes aegypti at increasing dosages from 75mg/I to
600 mg/l had an LCso of 127 mg/l and 395 mg/I for LCoo. The LCso
for the solution with pelletized pepper at the same dosing
concentration is 117 mg/l with LCs of 285 mg/I. The results also
showed that these can be used to control larval instars of the
Aedes aegypti mosquitoes.
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Conclusion. The overall results indicate that the aqueous and
pelletized extracts of Piper nigrum L. are effective in attracting
the Aedes aegypti mosquitoes for oviposition and exhibit a
larvicidal activity.
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Introduction

Despite efforts to control dengue, the incidence of cases
has continued to increase in alarming proportions following
its re-emergence as a potentially fatal disease after the
second World War. In the absence of a specific anti-viral
drug and while vaccine is still in the trial stage of
development, control methods are currently being directed
against the vector mosquito.

Adulticiding and larviciding using insecticides or
breeding sources reduction are one of the most commonly
used methods to the mosquito population.
Insecticides, although effective, should be discouraged
because of the danger it poses for the environment and the
possibility of the insect’s development of resistance to
insecticides. Researches are being done to identify a variety
of plants that may be used as an alternative source of
mosquito control agents. In 2011, researchers reviewed 185
phytochemicals that are of paramount importance in the
control of mosquito population.!

A study by Patricio et al.2 examines the in vitro effect of
dried black pepper (Piper nigrum L.) whole fruits on Aedes
aegypti L. mosquitoes. In this study, different concentrations
of extracts were assayed against 3 to 4t instar larvae and it
was discovered that dried black pepper is a potential agent
to control mosquito in larval stages. There is another study
which found that Piper nigrum L. prepared as paminta-
treated sawdust exhibits larvicidal property.?

A. aegypti were known to breed in storage containers.
They locate their hosts and oviposition sites by using
chemical signals and various physical stimuli detected in the
antennae.* Using oviposition attractants such as Piper nigrum
L. and ovicide-larvicide (OL) traps, the Aedes mosquito
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larvae may be prevented from emerging into adults thus
reducing its population density.

This study will evaluate the oviposition response and
larvicidal activity of the aqueous extract and pelletized form
of Piper nigrum L. against Aedes aegypti mosquitoes.

Methods
Black Piper nigrum L. seeds were procured in Batangas,
Philippines for this study. OL traps consist of a black
container, a small strip of lawanit (paddle) for oviposition
and solutions of Piper nigrum L. or water.

Preparation of the aqueous and pelletized extract of Piper
nigrum L:

The Piper nigrum L. solution was prepared by first
grinding the dried seeds. The resulting powder was then
soaked in water overnight and filtered. The filtrate was
diluted to a final concentration of 1000 ppm and stored in
250 ml plastic bottles.

The Piper nigrum L. admixture in pellet form was
prepared by mixing the ground seeds with 1% previously
cooked starch solution at a ratio of 1:1. The mixture was then
extruded and formed into pellets using a granulator,
followed by drying.

Evaluation of efficiency using the mosquito-chamber test

Adult mosquitoes Aedes aegypti used in the test were
obtained from the laboratory. Twenty 2-4 days old gravid
females previously fed with blood were used in the test. The
chamber was covered with brown paper since the
mosquitoes prefer a dark environment. Two OL traps were
placed inside the chamber. One contains the larvicidal
admixture and the other is with plain water. Oviposition
attractancy or the observed number of mosquitoes resting in
the oviposition substrate was done in the morning (7:00 AM)
and in the afternoon (5:00 PM). At the third day, eggs and
larvae in the OL traps were counted using a dissecting
microscope or magnifying glass. After counting, OL traps
were set aside to evaluate egg mortality.

Oviposition response to OL traps exposed inside the
DOST compound

One pair of OL traps were simultaneously placed in
each of the 10 buildings at the DOST compound. On the 6t
day of each exposure period, the contents of the can
including the oviposition substrate were collected to be
evaluated in the laboratory. This is done in 4 replicates.

Determination of the larvicidal activity of the attractant
solution

The larvicidal bioassay followed by WHO standard
protocols® with slight modifications. Concentrations of 75
ppm, 150 ppm, 300 ppm, 450 ppm and 600 ppm, with water
as the negative control, was used. About 25ml of each

solution was placed in a well labeled 250 ml beaker. Twenty
(20) health 3t instar larvae were put into each solution.
Mortality was observed between 24 to 48 hours. Each test
was replicated six times. Symptoms treated larvae were
observed and recorded immediately at time intervals and no
food was given. Dead larvae were identified when they
failed to move after probing with needle in the siphon or
cervical region.

Determination of the ovicidal activity of the attractant
solution

Ten healthy Aedes aegypti mosquito eggs were laid in
1000ppm concentration of both aqueous and pelletized test
solution, with water as the negative control. This is done in
ten replicates. Hatchability and mortality of eggs was
observed every day for five days.

Analysis of data
To determine the ovitrap index, the following formula
was used:

Number of positive traps with test solution yx 100
Number of traps installed and collected

Ovitrap Index (%)=

To determine the oviposition activity index (OAI), the
following was used:

Nr - Ns
OAL= Nr + Ns
Results
The result of oviposition attractancy is shown in Table 1.
An increasing rate of oviposition attraction to increasing rate
of aqueous solution concentration was observed. The
average oviposition attractancy at 1000 ppm is 70% while
30% attraction was observed to OL traps with water alone.
The difference is statistically significant (t(1)=13.00, p=0.049).

Table 1. Oviposition attractancy of 20 female gravid Aedes
mosquitoes to aqueous pepper-based solution

Oviposition Attractancy no. Mean Percent

Concentration of mosquitoes (%) Oviposition
(ppm) Morning Afternoon Attractancy

100 8 (40.0) 8 (40.0) 40+0.0

200 10 (50.0) 8 (40.0) 45+7.1

300 10 (50.0) 10 (50.0) 50+0.0

500 12 (60.0) 12 (60.0) 60+0.0

1000 15 (75.0) 13 (65.0) 70+7.1

Water 8 (40.0) 7 (35.0) 30+3.5

The oviposition attractancy of the aqueous solution was
also compared to that of the pelletized form (Table 2).
Oviposition attractancy is observed to increase as the
admixture concentration increases. The pelletized form has
the highest mean oviposition attractancy at 2000 ppm. There
is a significant difference on the mean number of mosquitoes
observed resting on the oviposition substrate between the
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aqueous solution and pelletized form (t(2)=4.303, p=0.05).
However, there is no significant difference observed in the
mean oviposition attractancy of the two solutions (t(1)=6.314,
p=0.10).

Table 2. Oviposition attractancy of 30 female gravid Aedes
mosquitoes to different pepper-based admixtures

Mean Number of s
can Number o Mean Percent Oviposition

Concentration 'MO?qultoes in Attractancy
(ppm) Oviposition Substrate
Aqueous Pelletized Aqueous Pelletized
500 15+0.71 13 +0.70 50.0 +0.71 43.4+0.70
1000 21+0.70 23+0.71 70.0 £0.70 76.7 £0.71
2000 23 +2.21 29 +0.71 76.7 £2.21 96.7 +0.71

As shown in Table 3, the number of eggs increases as
the admixture concentration increases. There is a significant
difference observed in the mean number of eggs between the
aqueous and the pelletized solution at 500 ppm (t(4)=2.8,
p=0.05). A significant difference, likewise, was observed at
1000 to 2000 ppm between the two admixtures (t(4)=2.8,
p=0.05). The two pepper-based admixtures as compared to
water alone was also found to have a statistically
significantly different mean number of eggs (t(4)=2.8,
p=0.05).

Table 3. Oviposition response and OAI of female gravid
Aedes mosquitoes to aqueous and pelletized pepper-based
solutions

Concentration Mean Number of Eggs OAI
(ppm) Aqueous Pelletized Aqueous Pelletized
500 130 +8.5 121+2.0 0.22+0.31 0.14+0.10
1000 188 +2.0 207 £6.4 0.39 +0.05 0.39+0.01
2000 180 +6.0 261+3.7 0.37+0.11 0.48 +0.08
Water 82+9.1 91+4.1 - -

The OAI was also shown in Table 3. A result of +0.3 or
higher® suggests that the solution is an attractant, while

those with -0.3 and below are repellants. Both pepper-based
admixtures at 500 ppm have an OAI below +0.3. Increasing
the concentration at 1000 and 2000 ppm resulted to an OAI
greater than +0.3. Both pepper-based admixtures are then
considered attractants at 1000 and 2000 ppm.

Table 4 shows the larvicidal activities of both pepper-
based solution against 3" instars larvae of Aedes aegypti.
LCso, LCo, and the confidence intervals were analyzed by
computerized probit analysis (SPSS 12.0). Early 3t instar
larvae, under laboratory conditions, were subjected to a
dose-dependent efficacy of pepper-based solutions. Aqueous
extracts of P. nigrum caused mortality against early 3 larval
instars of Aedes aegypti. However, the sensitivity of larval
instars was positively correlated dose-dependent level with
pepper-based solutions following the treatment of increasing
dosages of pepper-based solutions from 75-600 mg/l. The 24
hour LCso and LCo against early 3¢ larval instars were 127
and 395 mg/l, respectively for the aqueous solution, while
the pelletized pepper has an LCso of 117 mg/l and LCw of 285
mg/l. The results showed that these extracts can be used to
control larval instars of the mosquitoes.

Since the laboratory tests showed positive results, the
aqueous and pelletized solution was further evaluated
within the DOST compound (Table 5). It was found that
oviposition response in both aqueous and pelletized pepper
at 1000 ppm is better than the control. Moreover, result of
both solutions in the 2000 ppm concentration is almost three
times higher than the control. Table 5 also shows the Ovitrap
Index which was found to be in the range of 78% to 84% for
both aqueous and pelletized solution.

Ovicidal activity (hatchability of eggs) for both the
aqueous and pelletized solution was low (Table 6). The
pelletized pepper has lower ovicidal activity as compared to
the aqueous solution; however, it is not statistically
significantly different. When compared to water, on the
other hand, the mean difference is statistically significant
(p<0.0001).

Table 4. Larvicidal activities of the pepper-based solutions against early third instars of Aedes aegypti

Type of Extract LCso (mg/) 95% Confidence Limit (mg/l) LCs (mg/l) 95% Confidence Limit (mg/l) Regression Equation x?
Aqueous 127 94.00-171.13 395 337.23 - 461.63 Y =2.679x-0.634 5.80*
Pelletized 117 88.36 — 154.00 284 246.70 — 326.35 Y =2886x-0.965 5.71*

*p=0.004; 'p=0.005; Each value represents mean of four values
Table 5. Oviposition response and ovitrap index of OL traps installed within the DOST compound
R . Ovitrap Index (%)
Mean Number of Eggs Oviposition Ratio WK1 Wk2 WK3 Wka Mean
Aqueous
- 1000 ppm 545 +50.3 2.00 85.0 75.0 85.0 90.0 83.75+6.3
- 2000 ppm 715+91.4 2.63 80.0 73.68 90.0 90.0 83.42+8.0
Pelletized
- 1000 ppm 540 +69.0 2.00 70.0 65.0 90.0 95.0 80.00+15.7
- 2000 ppm 402 +26.0 1.50 80.0 60.0 80.0 90.0 77.50+12.6
Water 272 +40.0 73.0 80.0 64.2 62.2 70.00+8.1
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Table 6. Hatchability of Aedes mosquito eggs to pepper-
based test solutions

. 1000 ppm Concentration
Replicates Aqueous (%)  Pelletized (%) Water (%)
1 10 20 50
2 0 0 60
3 0 0 50
4 0 0 40
5 0 0 100
6 0 20 20
7 0 0 60
8 0 0 0
9 0 10 80
10 0 0 80
Total 10 50 540
Mean 1+3.2 585 54 +30.0
Discussion

In the absence of a vaccine, dengue remains to be an
important public health issue. Although there is downward
trend in the Philippines, the number of cases is still
increasing.” Though the 2012/2011 ratio is 1.0, cases are up
with 32,193 in 2 June 2012 compared to 30,989 cases in 2011
for the same period. This is the reason why Health Secretary
Enrique Ona has continuously reminded the public to be
vigilant in searching and destroying the breeding places of
mosquitoes.® To manage the disease, strategies used were
focused on vector control. The strategies currently used in
the Philippines include: space spraying, larviciding using
chemical and biological larvicide, biological control using
larvivorous fishes, environmental management through
reduction, health community
mobilization, and intersectoral collaboration.” Among the
different strategies, the use of biological products is deemed
as one of the best pesticide alternative for mosquito control
because they do not have any adverse effects on non-target
organisms.

Plant-based constantly  being
investigated worldwide, one of which is the Piper nigrum L.
of the plant family Piperaceae. This plant species exhibited
larvicidal activity against Aedes aegypti through the
identified amides: pellitorine, guineensine, pipercide and
retrofractamide-A.! Although not fully established, some
researches already claimed that the naturally occurring
compounds have potential as mosquito larval control
agents.'® These findings merit further researches that may be
focused on laboratory and field tests.

Laboratory results using glass chambers and OL traps
loaded with different concentrations of the aqueous solution
revealed that as the concentration increases, the oviposition
attractancy increases. With an OAI greater than +0.3, both
the aqueous and pelletized solutions are considered
attractants. Larvicidal activity against 3¢ larval instars of
Aedes aegypti at increasing dosages revealed that the solution
with pelletized pepper is more toxic than the aqueous
solution.

source education and

insecticides  are

Since the laboratory studies gave a good result, a small-
scale field testing on the DOST compound was also
performed. Results showed an oviposition ratio two times
better in both the 1000 ppm concentration of the aqueous
solution and pelletized pepper as compared to the control.
The positive ovitrap index was in the range of 78% to 84%
for both aqueous and pelletized pepper-based solutions. In
terms of the hatchability of eggs, it was lower in both
solutions as compared to the control.
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