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Abstract

Cashew Nut Shell Liquid (CNSL) which has been known as a waste of processing cashew fruits which is contain phenolic compounds have
activity as larvicides. Cashew nut shell liquid is not soluble in the water where the larvae grow. Cashew nut shell liquid mixed with water-
soluble extract of soapnut fruit which serves as a natural surfactant that can emulsify oil in water. The test subjects were larvae of Aedes
aegypti third instar. Test subjects were divided into treatment group and control group. In the treatment group, test subjects were the mixture
of CNSL and Ethylacetat Soluble Extract (ESE) in tap water. The Larvae mortality observations were done 24 hours after the treatment.
LC50 and LC90 as final test data were analyzed using probit analysis. Extract constituents   of CNSL and Water Soluble Extract of SoapNut
fruit (WSEoSN) were investigated using Thin Layer Chromatography (TLC) method. The effect of CNSL as larvicides against third instar
larvae of Ae. aegypti with were LC50 of 14,12 ppm, while the LC90 of 24,85 ppm.

Keywords: Larvacidal activity, Thin Layer Chromatography, Sapindus rarak DC

Introduction

Aedes aegypti is a mosquito species that can carry and
transmit the dengue virus causes Dengue Hemor rhagic
Fever (DHF), yellow fever virus and chikungunya virus
(WHO, 2004). How to control the mosquito population
that most rapidly break the cycle of transmission is the
use of chemical compounds, one of them is the use of
synthetic insecticides and larvicides. The use of synthetic
compounds can lead to increased mos quito resistance,
environmental pollution caused by their residue, even the
death of non-target creatures (Munif, 1993). The use of
plants as a biopesticide is a one of alternative natural way
for controlling which is safer for sustainable environment
balance. The natural biopesticides were usually easy to
apply and not harmful to natural enemies and other
beneficial insects (Adebowale & Adedire, 2006).

CNSL is a viscous oil, black color and has a very
strong irritant properties on the skin because of the
phenolic substances derivatives e.g. Cardol, anacardic
acid and 2-methyl kardol (Kubo et al., 1986); anacardic
acid is not soluble in water. This sticky fluid was
extracted from cashew nut shell by the use of hydraulic
pressure pump at a certain temperature (Mulyono and
Abdul Gani, 1996). Anacardic acid has several biologic
effect such as anti-microbial, anti-acne (Kubo et al.,
1993; 1994) and as molluscicides (Kubo et al., 1986). The
main constituent of CNSL i.g. anacardic acid, cardanol,
and cardol also reported as larvicidal activity against the
larvae of Ae. aegypti with LC50 of 12,40 ppm for
anacardic acid, 14,45 ppm for cardanol, and 10,22 ppm
for cardol (Oliveira et al., 2010).

Soapnut in Indonesia called “Lerak” (Sapindus rarak
DC.) is a plant that from Southeast Asia and can be able

grow well in tropical climate such in Indonesia
(Afriastini, 1990). The active compounds from the
soapnut pericarp are saponins - and sesquiterpene-
compounds. The main of non-sugar saponins compound
are usually triterpenes and steroids derivatives
(Schneider, 1980; Wina et al., 2005).Saponins as well as
surfactants that have both hydrophilic and hydrophobic
pool which were able to lower the interfacial tension
between oil and water that immiscible; so as to form a
colloidal solution which forms a foam when shaken
(Matheson, 1996; Gunawan & Mulyani, 2004).
The purpose of this study was to determine the activity of
cashew nut shell oil (Cashew Nut Shell Liquid / CNSL)
as an alternative natural larvicides.

Methodology

Preparation and extraction of plant materials

Cashew nut shell obtained from Jatibedug village,
Wonogiri and soapnut fruit from Perhutani area,
Situbondo. The identification of plant material was
carried out by Mr.Joko santosa M.Si, and voucher
specimen was found at the Department of pharmaceutical
biology Faculty of Pharmacy, UGM, Yogyakarta.
Cashew nut shell that had been oven-dried at 50°C for 1
hour obtained 1,313 kg net weight then pressed using a
hydraulic press by 150-160 kg/cm2 to obtain Cashew Nut
Shell Liquid (CNSL); whereas 10 g of soapnut fruit
chopped and then extracted by heating at 50°C for 30 min
in the distilled water ad 1000 ml to obtain a water-soluble
extract of soapnut fruit 1% b/v.
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Preparation of water-soluble extract of soapnut fruit
which did not kill larvae

As a main solution of water-soluble extract of soapnut
fruit was 1% b/v diluted by taking a volume of 6, 8, 10,
and 12 mL for each dissolved in 100 mL of tap water to
obtain test solutions with concentrations of 600, 800,
1000, and 1200 ppm. Four plastic cups with a mouth
diameter of approximately 10 cm glass used as a test
medium. Each test cups contain10 larvae of third instar
Ae. aegypti. Each concen-tration of repetitions performed
3 times. Larval mortality was observed 24 hours after
treatment by calculating the percentage of larval
mortality. The biggest concentrations that doesn’t kill any
larvae chosen for making the mixture solution with
cashew nut shell liquid.

Bioassay for larvicidal toxicity

Mixture concentration series was made by mixing water-
soluble extract of soapnut fruit at a concentration elected
with cashew nut shell liquid. The mixture of CNSL and
water soluble extract of soapnut fruit homogenized using
a vortex for 5 minutes, then stirred using a magnetic
stirrer at medium speed for 5 minutes. The results
observed visually mixing at room temperature (25°C).
Subsequently the mixture was dissolved in tap water to
obtain a final volume of 100 mL of solution for each
concentration. The CNSL concentration used was 6 ppm,
7,56 ppm, 9,53 ppm, 12,01 ppm, 15,13 ppm, and 19,06
ppm. Each test cups contain 25 larvae of third instar Ae.
aegypti. Each concentration of repetitions performed 3
times. Larval mortality was observed 24 hours after
treatment by calculating the percentage of larval
mortality. Larvicidal test data were analyzed using probit
analysis to obtain LC50 and LC90 (Finney, 1971).The
concentrations in probit analysis were transformed to
logarithm (Log concentra-tion) and the lethal
concentrations (LC50 and LC90) were calculated
manually.

Specification of test material using Thin Layer
Chromatography (TLC)

a. Cashew nut shell liquid

Cashew nut shell liquid that dissolved in n-hexane
(1:10b/v) and then filtered with silica gel 60 used as
test solution. Components of CNSL are further
separated by Thin Layer Chromatogra phic (TLC)
method. Chromtography was perfomed using
aluminium plates   silica gel 60 F254 (Merck). Three
microliters of test solution was applied to the plate
with distance of development 8 cm. Plate inserted in a
chamber that had already saturated by mobile phase n-
toluene: ethyl acetate: glacial acetic acid (7:2:1 v/v/v).
After development the mobile phase was evaporated
to dryness and plates were sprayed with iodine vapor
and vanillin sulfuric acid.

b. Water-soluble extract of the soapnut fruit

Thirty milliliters of water-soluble extract of soapnut
fruit was evaporated and then hydrolyzed by boiling
with 30 mL of 2N HCl using reflux distillation method
for 30 minutes. Samples that had been hydrolyzed
were then fractionated with 30 mL of n-hexane. N-
hexane fraction was then washed with distilled water
until water fraction pH was neutral. The results of this
fraction was then added anhydrous Na2SO4 to remove
water traces. Furthermore, the fraction of n-hexane
which has been neutralized partitioned again using 30
mL of ethyl acetate. Components of both fractions
were then separated by TLC. Samples of both
fractions was applied to the plate as much as 3 spots
using a capillary tube with distance of development 8
cm. Plate inserted in a chamber that has been saturated
with mobile phase. Mobile phase that used was
chloroform: methanol (9.5: 0.5 v/v). After
development the mobile phase was evaporated to
dryness and plates were sprayed with anisaldehyde
sulfuric acid.

Results and Discussion

Larvicidal effect of a mixture of cashew nut shell liquid
and water-soluble extract of soapnut fruit

Probit analysis was used to study the response of larvae
to the exposure of test solution in a biological assay
(Umniyati, 1990). Probit analysis is a statistical method
used to determine the relationship between dose and
response (Finney, 1971). Percentage larval mortality was
calculated after 24 hours. Dead larvae are larvae that does
not move when touched with a pipette or larvae that sink
to the bottom of container that does not respond to
stimulation.

Table 1. Test results of water-soluble extract of the soapnut fruit
preliminary test.

Soapnut
concentration
(ppm)

Total mortality of larvae
Total larval

test1 2 3

600 (*) 0 0 0 30
800 1 0 1 30
1000 1 2 2 30
1200 4 3 4 30

In Table 1, it can be seen that the biggest concentration
of water-soluble extract of the soapnut fruit that does not
make larvae dead were at a concentration 600 ppm. This
preliminary test aim is to minimize the effect of water-
soluble extract of the soapnut fruit in the death of larvae
so the final assay results that obtained later is the result of
larvicidal activity of cashew nut shell liquid. The largest
concentration of water-soluble extract of soapnut fruit
that does not kill larvae was used for the mixture
becausehigher levels of water-soluble extract of soapnut
fruit will increase the solubility of cashew nut shell liquid
in the water.
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In Table 2, data percentage mortality test results are
used to calculate the LC50 and LC90 values are percent
mortality at levels of 7,56 ppm, 9,53 ppm, 12,01 ppm,
15,13 ppm, and 19,06 ppm.The percentage mortality data
is plotted in probit tables to obtain theprobit value, then

made the graph between log concentration (x) and probit
value (y) to obtain the linear regression equation y = a +
bx. Probit calculation steps performed according to the
method of Finney (1971).

Table 2. Results of probit analysis of a mixture of cashew nut shell liquid and water-soluble extract of soapnut fruit against Ae. Aegyptilarvae (total larval
test = 75).

CNSL concentration
(ppm)

Total mortality
of larvae

Percentage larval
mortility (mean) Linier equation LC50

(ppm)
LC90
(ppm)

0 0 0

y = 5,20921x – 0,9891 14,12 24,85

6 0 0
7,56 8 10,67
9,53 14 18,67
12,01 20 26,57
15,13 41 54,67
19,06 60 80

Linear regression equation obtained from the probit
analysis is y = 5.20921 x - 0.9891 so that the calculation
of LC50 and LC90can be obtained.LC50 and LC90
calculated were 14.12 ppmand 24.85 ppm.

A material that has a larvicidal test LC50 values below
100 ppm can be said to have larvicidal activity against the
larvae test (Cheng et al., 2003). LC50 values in this study
were at 14.12 ppm so cashewnutshell liquid that is used
as the test material can be said to have potential as
larvicidal agent against the third instar larvae of Ae.
Aegypti. Cashew nut shell oil is known to have 3 main
compound content anacardic acid, cardol, and cardanol
which showed inhibition of the acetylcholinesterase
enzyme activity as well as the mechanism of action of

organophosphate and carbamate (Oliveira et al., 2010).
Inhibition of the acetylcholinesterase enzyme causes
accumulation of acetylcholine which triggers central
nervous system disorders, convulsions, respiratory
paralysis, and death in larvae (Rosenberryet al., 2008).

Phytochemical compund of cashew nut shell liquid and
water-soluble extract of soapnut fruit

In Figure 1, elution of CNSL results showed 2 spots on
the hRf 63 and 73, that drown under 254 nm UV light.
Furthermore, the silica plate inserted in a closed chamber
that has been filled by iodine vapor and left a few minutes.

Figure 1. TLC-Chromatogram of cashew nut shell liquid. Detection: visible light (A), under 254 nm UV light (B), under 366 nm UV light (C), after iodine
vaporized (D), and after spraying vanillin sulfuric acid were observed in visible light (E).

Figure 1.D were a yellow spot; the hRf 63 and 73. It
could be the presence of an unsaturated compound; it was

perhaps an side chain of the phenolic compounds. Iodine
vapor was used for the detection of side chain compounds
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that had a double bond; a positive result is a yellow-
brown spots on the visible light (Fessenden and
Fessenden, 1994). The mechanism of iodine to form the
color is an addition reaction on double bond in
unsaturated fatty acids (Simpen, 2008).

Results of detection by vanillin sulfuric acid reagent
(Figure 1.E) were observed under visible light were the
presence of spots on hRf 63 with red-orange color, while
on hRf 73 as pink-brown color spot. Based on these

results, spots on the hR f63 and 73 suspected as phenolic
compounds anacardic acid derivatives.

Identification of the compounds in water-soluble
extract of soapnut fruit was identifying saponin. Saponins
are triterpenoid glycosides or glycoside steroid with
sapogeninaglycone (Schneider, 1985; Gunawan and
Mulyani, 2004). The basic science of saponin
Identification was made for the existence of the
sapogenin aglycone.

(A) (B) (C) (D)
: 1 = n-hexane soluble fraction; 2 = ethyl acetate soluble fraction

Figure 2. TLC chromatogram profile of n-hexane and ethyl acetate fraction of water-soluble extract of soapnut fruit. Detection before spraying
anisaldehyde sulfuric acid: under visible light (A), UV 254 nm (B), and UV 366 nm (C) and detection after spraying anisaldehyde sulfuric acid
under visible light (D).

In Figure 2, the chromatogram of n-hexane and ethyl
acetate of water-soluble extract of soapnut fruit had no
spots after observed under visible light, UV light 254 nm,
and 366 nm UV. It was due to saponins had no aromatic
ring in the structure. It could be detected by coloring
spray reagent (Wagner, 1984). If there is purple-red or
purple after spraying with anisaldehyde sulfuric acid
reagent showed the presence of terpenoids or steroids
(Wagner & Bladt, 1996). After spraying with
anisaldehyde sulfuric acid reagent (AAS) and it was
heated for 5 minutes at a temperature of 105°C, there was
3 purple spots (hRf 49; hRf 67, and hRf 79) in ethyl
acetate fraction and the fraction of n-hexane had pink
spots on the hRf 82 and 93. The purple color in ethyl
acetate fraction was a steroid sapogenin compounds, and
the pink spots on n-hexane fraction could be as triterpene
sapogenin.

Steroid compounds are more polar than the
triterpenoid compounds so that would be more soluble in
more polar solvents as well, in this case is ethyl acetate.

Based on the above observations, the water-soluble
extract of soapnut fruit suspected of containing sapogenin
steroid and triterpenoid sapogenin which is the aglycone
of saponin glycosides and it can be used as a natural
surfactant to emulsify cashew nut shell oil in aqueous

media. The larvicidal properties exhibited by cashew nut
shell liquid in this study might be related to presence of
phenolic derivative components.

Conclusion

The results of this study indicated that a mixture of
cashew nut shell liquid and water soluble extracts of
soapnut fruit (Sapindus rarak DC.) had an effect as
larvicides against third instar larvae of Ae. aegypti.
Further research needs to be done about the toxicity
effects of a mixture of cashew nut shell liquid and water
soluble extract of soapnut fruit against non-target
organisms i.g fish, and frog.
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