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ABSTRACT
This study was conducted to investigate the effect of the ethanol and hexane extracts of the fruit wastes of Garcnia
mangostana (mangosteen) on the Dengue vector Aedes aegypti.The fruit wastes (pericarp, crown and seeds) were solvent
extracted separately. The larvicidal activity of the extracts was tested against the 3rd and 4th instars larvae of the Aedes
aegypti following the World Health Organization bioassay method (2005). Characterization of the extracts was
conducted by qualitative phytochemical screening. The ethanol pericarp extract of G. mangostana exhibited the highest
toxicity among the other parts (crown and seeds) against A. aegypti larvae with an LC50 values of 4.84 mg/L and 6.19
mg/L and LC90 values of 14.55 mg/L and 28.71 mg/L while the hexane extract yielded an LC50 and LC90 of 27.61 mg/L
and 67.27 mg/L, respectively. The hexane crown extract also yielded larvicidal activity with an LC50 and LC90 of 25.33
mg/L and 63.73 mg/L, respectively while the ethanol extract gave an LC50 of 63.00 mg/L and LC90 of 169.91 mg/L.
Meanwhile, both ethanol and hexane extracts of the seeds did not exhibit any toxic effect up to 500 mg/L and 300 mg/L,
respectively. Results suggest the potential of G. mangostana fruit wastes as a key source for the development of
environment-friendly plant-based larvicides.
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as mangosteen. G. mangostana originated from the
Southeast Asia but can now also be found in many parts
of the world. It is not only popular because of its pleasant
taste but also because of its numerous medicinal
properties (Ji et al. 2007). This leads us to our main focus
which is on the research study of G. mangostana as a
potential vector control measure against A. aegypti that is
acceptable to the populace, cost effective and more
importantly, safe for the environment. The use of natural
alternatives such as plant extracts can provide the best
option as environmentally safe natural larvicides.
Therefore, the objectives of the study were to evaluate the
toxicity of the ethanol and hexane extracts of the fruit
wastes of G. mangostana against 3rd and 4th instars larvae
of A. aegypti and to characterize the ethanol extract by
qualitative phytochemical analysis.

INTRODUCTION
Dengue is a world-wide arthropod-borne viral
disease transmitted by Aedes mosquitoes, typically Aedes
aegypti (Capedinget al. 2013).It is an acute infection that
kills faster than AIDS. Treatment is mainly supportive
and prevention method presently depends on vector
control until a vaccine becomes available. Use of
chemical control is said to be an effective way used
generally in daily life (Pavela, 2009) but alarms
environmental and human advocates since widespread
use of synthetic insecticides has led to many negative
consequences (Pavela 2008). This results in the
increasing attention and consideration to natural products
(Pirali-Kheirabadi and da Silva 2010). Green larvicides
are now being considered because plants consist of
several bioactive components that are known to be safe
and biodegradable. Unlike the conventional insecticide
which is based on single active ingredient, plant
insecticides comprise botanical blends of bioactive
chemical compounds which act concertedly on both
behavioural and physiological processes (Ghosh et al.
2012). The decades of research about interactions
between plants and insects revealed the potential use of
plants in fundamental pest control programs (Kamaraj et
al. 2010). One of the several plants with insecticidal
properties is Garcinia mangostana or commonly known

MATERIALS AND METHODS
Botanical Material: The fruits of G. mangostana were
collected in Davao, Philippines. The different fruit wastes
namely, the pericarp, crown and seeds were processed
separately for crude extraction and larvicidal bioassay.
Herbarium specimen of the plants collected was prepared
and was sent to the National Museum of the Philippines
for necessary identification and authentication.
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Sample Preparation: The G. mangostana fruit wastes
were separated and air-dried to a moisture content of less
than 10%. The plant materials were oven-dried at 60oC
for one week until the moisture content was less than
10% and were then ground with Wiley mill.About 300
grams of ground plant material were macerated with
either 900 mL of EtOH and n-hexane for 48 hours. Then,
the mixture was filtered with a coarse filter paper and the
filtrate was concentrated under vacuum at 55oC to a
syrupy consistency. This was further evaporated in a
water bath at 55oC until completely dried.

different days. The results were recorded where the
LC50and LC90values and slope and heterogeneity analysis
were also noted.
Data analysis: Data from all replicates were pooled for
analysis. LC50and LC90 values were calculated from a log
dosage–probit mortality regression line using computer
software programs. Standard deviation of the means of
LC50 values were calculated and recorded. A test series is
valid if the relative standard deviation (or coefficient of
variation) is less than 25% or if confidence limits of LC50
overlap (significant level at P < 0.05).

Rearing of Aedes aegypti larvae: The eggs of A. aegypti
were reared in the Entomology Laboratory of the
Industrial Technology Development Institute –
Department of Science and Technology, Taguig City,
Metro Manila, Philippines. The egg rafts were kept in the
basin containing tap water that served as the culture
medium at 28±2oC and a photoperiod of 12 h light
followed by 12 h dark (12L: 12D).Dog biscuits (0.5g)
and yeast (0.3g) were added to enhance the growth of the
larvae. The 3rd and 4th instars larvae were used in the
study.

Phytochemical Analysis: The qualitative phytochemical
analysis of the ethanol pericarp and crown extracts was
performed (Guevara, 2005) to detect the presence of
alkaloids, tannins, 2-deoxysugars, saponins, free fatty
acids, unsaturated steroids, triterpenoids, flavonoids,
leucoanthocyanins, and anthraquinones.

RESULTS AND DISCUSSION
Results of the larvicidal bioassay of the ethanol
fruit wastes of Garcinia mangostana were shown in
Figure 1.Results were expressed as lethal concentration
(LC) of the larvicide for 50% and 90% mortality (LC50
and LC90) of the mosquito larvae. The ethanol pericarp
extract of G. mangostana showed an LC50 values of 4.84
mg/L and 6.19 mg/L (average = 5.52 mg/L) and LC90
values of 14.55 mg/L and 28.71 mg/L (average = 21.63
mg/L) (Figure 1). Meanwhile, the hexane extract showed
an LC50 value of 27.61 mg/L and LC90 value of 67.27
mg/L. The ethanol crown extract yielded an LC50 of
63.00 mg/L and LC90 of 169.91 mg/L while the hexane
extract exhibited an LC50 and LC90 of 25.33 mg/L and
63.73 mg/L, respectively. On the other hand, the ethanol
and hexane extracts of G. mangostana seeds did not
exhibit any toxic effect up to 500 mg/L and 300 mg/L,
respectively (Figure 2).

Larvicidal Bioassay against 3rd and 4th instars larvae
of A. aegypti: The larvicidal bioassay was conducted
following the WHO method (World Health Organization,
2005).Batches of 20 third or fourth instars larvae were
transferred by means of droppers to small disposable test
vessels, each containing 100 mL of water. The
appropriate volume of dilution was added to 100 mL
water in the cups to obtain the desired target dosage,
starting with the lowest concentration. The test containers
were held at 28±2oC and a photoperiod of 12 h light
followed by 12 h dark (12L: 12D). Four or more
replicates were set up for each concentration and an equal
number of controls were set up simultaneously with tap
water, to which 1 mL ethanol (or the organic solvent
used) was added. Each test was run three times on

Figure 1. Comparison of average lethal concentration LC50 and LC90 of the ethanol and hexane extracts of G.
mangostana pericarp.
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Figure 2.Comparison of lethal concentration LC50 and LC90 of the ethanol and hexane extracts of G. mangostana
crown.
People have used different plants, products and
secondary metabolites of plant origin in pest control since
early times (Ghosh et al. 2012). That is why several
studies have been dedicated on testing natural products
against mosquitoes specifically, A. aegypti which
produced varying results (de Morais et al. 2007; Gautam
et al. 2013;Sutthanont et al. 2010). Several Philippine
plants have been found to have various medicinal
properties such as larvicidal properties (Thein et al. 2013;
Monzon RB, et al.1994; Gutierrez et al. 2014; Torres et
al. 2014).
In the present study, hexane and ethanol extracts
of the fruit wastes such as the pericarp, crown and seeds
of G. mangostana were subjected to larvicidal toxicity
assay. The plant parts, specifically the pericarp and the
crown that were studied showed great toxicities against
A. aegypti. One literature reported α-mangostin, a novel
insecticide that is toxic to larvae of several mosquito
species including 3rd instar larvae of A. aegypti (Larson et
al. 2010). The extracts were considered to be bioactive
since they showed lethal concentrations (LC50 and LC90)
extremely lower than 1000 mg/L (de Morais et al. 2007).
The solvent used can also contribute to the variation since
it has been shown that the extraction of active
biochemical from plants depends upon the polarity of the
solvents used (Ghosh et al. 2012). The ethanol pericarp
extract of G. mangostana exhibited higher toxicity than
the hexane extract, while the hexane crown extract
exhibited otherwise. Both ethanol and hexane extracts of
the seeds did not show larvicidal activity up to 500 mg/L
and 300 mg/L, respectively.
Phytochemical analysis of the ethanol pericarp
extract of G. mangostana showed presence of alkaloids,
saponins,
fats
and
oils,
2-deoxysugars,
leucoanthocyanins, flavonoids, hydrolyzable tannins,
unsaturated steroids and triterpenoids. However, free
fatty acids and anthraquinones were found not present.
On the other hand, the ethanol extract of G. mangostana
crown showed presence of saponins, fats and oils, 2-

deoxysugars, leucoanthocyanins, flavonoids, condensed
tannins, unsaturated steroids and triterpenoids and free
fatty acids but indicated absence of alkaloids and
anthraquinones (Table 1). It is said that several groups of
phytochemicals such as alkaloids, steroids, terpenoids,
essential oils and phenolics from different plants have
been reported previously for their insecticidal activities
(Shaalan et al. 2005).
Table 1. Results of the qualitative phytochemical
analysis of the ethanol extract of G.
mangostana pericarp and crown.
Phytochemical
1.
2.
3.
4.
5.
6.

Alkaloids
Saponins
Free Fatty Acids
2-deoxysugars
Flavonoids
Leucoanthocyanins

7. Tannins
8. Unsaturated
steroid/ triterpenoids
9. Anthraquinones
10. Fats and Oils

G. mangostana
pericarp
+
+
+
+
+
+
(hydrolyzable)

G. mangostana
crown
+
+
+
+
+

+

+

+

+

+ (condensed)

Legend: (+) - present, (-) - absent

Conclusion: Plants comprise a vast untapped pool of
bioactive phytochemicals that may be widely used in pest
control programs instead of the conventional synthetic
insectides. The remarkable toxicity effects exhibited by
the fruit wastes of G. mangostana against the 3rd and 4th
instars larvae of A.aegypti indicate its potential to provide
core structures from which a more sustainable and
environmentally-safe
larvicidal
agents
can
be
synthesized. Further study on the plant should therefore
be fully explored. It is worthwhile to study extensively
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the larvicidal property by isolating and identifying the
active components that cause larval mortality and then
use them in field trials in order to assess their full
potential as an alternative to chemical larvicides.
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