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Abstract: Cutworms population is increasing rapidly and may damage crops in Indonesia.
Therefore, control of those pests is needed using bioinsecticides obtained from Pong-Pong fruit seed
extract. These seeds have an active ingredient from alkaloid and steroid groups that can eliminate
the worms. The seeds are prepared by mashing and mixing them with a Natural Deep Eutectic
Solvent (NADES) and undergo ultrasonic-assisted extraction (UAE) with different concentration and
sonication times to obtain the most optimal one by checking the most lethal extract given to the
worms. Tests using Liebermann-Burchard, FTIR and LCMS have identified the components of the

extract.

Keywords: Cutworms, Pong-Pong seed, NADES, UAE, Libermann-Burchard, FTIR, LCMS

1. Introduction

Spodoptera litura or tobacco cutworms are known as
one of the pests that attack and eating leaves of the plant
until there are nothing leftY. Among them are attacks on
tobacco plants that result in perforated tobacco leaves that
reduces production up to 50%2. Several ways have been
done to control the population of Spodoptera litura to not
endanger the plants that are ready to harvest such as using
chemical insecticides. However, there are negative side
effects from insecticide use such as emergence of new
pests, accumulation of chemical residues in plants, and
pollution of soil by chemicals.

The recommended alternative method is to use
bioinsecticides. Bioinsecticides have advantages over
chemical insecticides, which are more environmentally
friendly, do not cause resistance to pests, and are not
harmful to plants®. One type of natural substance that can
be used as a raw material for making bioinsecticides is
pong-pong fruit (Cerbera odollam). The peel, meat, and
fruit seeds contain the main compounds of steroid and
alkaloid. Steroids and alkaloids will be extracted from
pong-pong fruit seeds because pong-pong fruit seed
extract is more potential in killing larvae®. A notable
steroid present in the fruit seed, Cerberin, are toxic
compounds that can cause a decrease in heart rate and also
reduces the motoric activity of humans and animals®®.

Extraction will be carried out with the help of ultrasonic
waves using Natural Deep Eutectic Solvents or
abbreviated as NADES.

NADES is a mixture of compounds that have a lower
melting point than each individual compound, mainly due
to the formation of intermolecular hydrogen bonds”.
NADES is predicted to be able to replace the role of
methanol as a solvent because of its polarity and its more
environmentally friendly nature®. The type of NADES
solvent used is a mixture of choline chloride (ChCI) and
lactic acid because of its ease of synthesis, availability,
and good biodegradability®. This is to improve
environmental sustainability and support previous
proposed initiatives on the same topic, such as green
human resource management and producing pyrolysis oil
from palm empty fruit bunches-1%)

The bioinsecticide extracted from pong-pong fruit
using NADES solvent is more environmentally friendly
compared to chemical insecticides and caused almost no
harm as long as it is not overused. This trait also adds the
potential of this bioinsecticide to be used regularly.

The aim for this research is to collect the extract from
pong-pong fruit seeds and to observe the effect of extract
concentration and sonication time to the mortality
percentage of Spodoptera litura.
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2. Methodology

2.1 Preparation

The first preparation for this research is to prepare the
pong-pong fruit, which is obtained in Tangerang,
Indonesia. The fruit obtained is ripe indicated by the
reddening of the pong-pong fruit skin and with the fruit
falling down from the tree'. Next, the pong-pong fruit
will be peeled and cut to obtain the seed inside. The seeds
are then washed using water and dried using an oven with
temperature of 60°C for 3 days. The dried seeds will be
crushed and blended forming small powdered pieces. The
seed powder is then sieved using a mesh 40 sieve (0.42
mm).

After the seed powder is obtained, the NADES solvent
which is a mixture of choline chloride and lactic acid will
be prepared. Solvent preparation was carried out by
dissolving 39,276 g of choline chloride with 21 mL of
lactic acid which had a mole ratio of 1:1 with magnetic
stirring at 85 °C for 45 minutes until the mixture is
homogeneous which is marked with a clear solution, then
the temperature would be reduced to 50 °C with stirring
for 15 minutes to ensure the lactic acid and choline
chloride are well-mixed.

Finally, the pong-pong fruit seeds will be extracted. The
procedure begins with the preparation of six test tubes
with two test tubes filled with 0.140 g of pong-pong fruit
seed powder, two tubes filled with 0.280 g of pong-pong
fruit seed powder, and the remaining two tubes filled with
0.420 g of pong-pong fruit seed powder. 7 ml of NADES
solvent is then inserted to each of the six test tubes. The
six test tubes are then put into a glass cup filled with half
water and the glass is placed in an ultrasonic indicator.
Extraction is carried out with a sonication time of 20
minutes with a frequency of 53 kHz with a temperature of
37 °C. The pong-pong fruit seed extract is obtained in
liquid phase with concentrations of 20 mg/mL, 40 mg/mL,
and 60 mg/mL for each of the 2 samples. The choice of
concentration is based on research proving the most
effective in the range in 20-60 mg / mL*314),

The second extraction is carried out after the most
effective concentration from the first batch is obtained. In
the second batch, ten samples of pong-pong fruit seed
extract is prepared. The four samples will be extracted
using the same procedure with NADES solvent, but with
different sonication times; two samples at 40 minutes and
2 samples at 60 minutes. The other six will be extracted
using distilled water as solvents with the same conditions.
The choice of range for the sonication time from the
extraction of ultrasonic waves in natural materials is
because it is usually carried out in a span of 10-60 minutes
as the optimal results are usually present at that time'®.

2.2 Testing

The first tests, which are Liebermann and Fourier-
Transform Infrared (FTIR) Spectroscopy tests, are
conducted to identify if the active ingredient is

successfully extracted from the pong-pong fruit seed. The
procedure for Liebermann test is started by inserting 2 mL
of the sample to a test tube. Next, 2 mL of glacial acetic
acid is inserted to the test tube. Then, 3 drops of
concentrated sulphuric acid is inserted to a test tube. The
positive result of this test is the emergence of green color
from the mixture'®). In the FTIR spectroscopy test, the
sample will be analyzed to see the types of groups and
bonds present. The result of FTIR test will be the
transmittance of light in certain wavenumbers. IR light
will be absorbed by certain bonds and groups of the
substance present in the extract and the transmittance
shows the amount of IR light unabsorbed.

Following these qualitative tests is the efficacy test which
is done to observe the effectiveness of the bioinsecticide
extract from pong-pong fruit seed. The efficacy test is
carried out with bioinsecticide extracts from the three
variations of pong-pong fruit seed concentration (20
mg/mL, 40 mg/mL, and 60 mg/mL) and NADES solvent
as a control. Tests were carried out by putting 4 drops of
bioinsecticides from both samples for each concentration
and NADES solvent on both surface of the mustard green
leaf using a pipette. The leaves are then placed on a plastic
container with a tissue mat. Then, ten worms on the 3rd
instar phase are placed into each container. Observation of
the mortality of worms for the seven samples will be
monitored per day for 3 days. After the result of the first
efficacy test is obtained, the second batch of extracts is
also tested using the same efficacy test. In the end, the
most effective extract is tested with LCMS (Liquid
Chromatography Mass Spectrometry) test to determine
the exact molecules inside the extract.

3. Results and Discussions

3.1 Liebermann-Burchard Test

The result of the Liebermann test shows that all the
mixtures of the samples change color to green. This result
indicates that the pong-pong seed fruit extract with the
concentration of 20 mg/mL, 40 mg/mL, 60 mg/mL all
have glycosides, which are also steroids, and the
extraction process is successful.

The green color came from the reaction between the
acidic reagents and aglycone of glycosides. The aglycone
will react with glacial acetic acid and sulfuric acid where
protonation of hydroxyl group will occur. Then, oxidative
elimination will occur and a -SO3H group will form on the
part that was left by the hydroxyl group and form sulfonic
acid which will give out the green color™9,

Table 1. Result of Liebermann Test

Concentration | 20 mg/mL | 40 mg/mL | 60 mg/mL

Green Color \Y \V \Y

Presence
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3.2 FTIR Spectroscopy Test

The FTIR tests are conducted on 20 and 40 mg/mL
extracts only. The results are as seen on Figure 1.
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Figure 1. FTIR Profile of Pong-Pong Fruit Seed Extract
of concentration: (a) 20 mg/mL; (b) 40 mg/mL

From the results of FTIR test on pong-pong fruit seed
extract obtained, all samples give out the same peak
pattern, but with different percentage of transmittance.
Transmittance on IR shows the ability of a group or bond
to absorb IR rays. The lower the transmittance, the
stronger the group or bond in absorbing the light and the
higher the absorbance. Absorbance is also known to be
proportional to the concentration of the species that
absorbs it. So, it can be concluded that all samples have

the same composition, but the concentration is different®

When matched from the table of IR spectra readings, it
is found that there were 4 types of significant groups and
bonds in the sample: the alcohol group is characterized by
a strong and wide peak on wavenumber 3299-3333 cm?,
CH sp® hybridization bonds are characterized by a
moderate peak on wavenumber 2930-2982 cm, CH sp?

hybridization bonds are characterized by moderate peaks
on wavenumber 3024-3028 cm™ and the ketone group is
characterized by strong and sharp peaks on wavenumber
1730-1731 cm™ 2,

The results obtained are quite consistent with the
structure of steroids and alkaloids. The four groups and
bonds are present in the structure pf those molecules. This
result points out that steroids and alkaloids are indeed
found in pong-pong fruit seed extract.

3.2 Efficacy Test

Efficacy tests were conducted to see the effectiveness
of bioinsecticides on the survival of pests to be eradicated,
in this case the tobacco cutworm (Spodoptera litura). The
worms are chosen in the 3rd instar phase during the larvae
stage because in that phase the caterpillar is actively
eating®. The selected leaves are leaves of green mustard
because the worms eat all kinds of plants and the green
mustard is one of the plants that is affected by the attack
of the armyworm. The efficacy test was carried out using
pong-pong fruit seed extract with variations in
concentration and timing of sonication. The results of the
efficacy test with various extract concentrations for 20
minutes sonication time are shown on Figure 2.
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Figure 2. Efficacy Test Results for Pong-Pong Fruit
Seed Extract at Sonication Time of 20 Minutes with
Variety in Concentration: (a) Total Mortality Rate for 3
days; (b) Mortality Rate in the First Day
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From the results of FTIR test on pong-pong fruit seed

extract obtained, all samples give out the same peak o
pattern, but with different percentage of transmittance.
Transmittance on IR shows the ability of a group or bond 50 |
to absorb IR rays. The lower the transmittance, the
stronger the group or bond in absorbing the light and the
higher the absorbance. Absorbance is also known to be
proportional to the concentration of the species that : i ;
absorbs it. So, it can be concluded that all samples have 4 e
the same composition, but the concentration is different??.

From the results obtained, the pong-pong fruit seed . ‘
extracts at concentrations of 20 mg/mL, 40 mg/mL, and 0 1 2 3
60 mg/mL are able to kill the worms. The death of the Observation Days
worms may be caused by the active substances found in
pong-pong fruit seeds which are alkaloids and steroids. It @)
is also found that the number of deaths of the worms
increased as the observation day progressed. The higher T
the concentration of pong-pong fruit seed extract, the
higher the mortality rate of the cutworms. However, this - -
only applies to the concentration increase from 20 mg/mL [ A
to 40 mg/mL but does not apply to increasing o | A B
concentrations from 40 mg/mL to 60 mg/mL. This occurs | . g "
because the amount of extracted substance has reached a ’
maximum in concentration 40 mg/mL at the extraction
time of 20 minutes. In determining the most effective
concentration, the lowest concentration which can I
eliminate the most number of worms is selected. Thus, the =
concentration of pong-pong fruit seed extract that is the
most effective is at a concentration of 40 mg/mL, reaching g ; : ;
75% mortality rate in day 1. Obsenation Days

If the results of the efficacy test for pong-pong fruit
seed extracts is compared with NADES, the mortality rate (b)
for pong-pong fruit seed extract far exceeds the NADES
mortality rate. These results indicate that indeed the active
ingredients act as a difference between the two solutions
to kill the worms fast. However, there is an anomaly
where the results of the efficacy test for NADES solvents
also reach 100% on the third day. This anomaly can occur
because on the second day onwards, the worms are
exposed to various factors that lead to its death, including
the condition of the food and test sites?®. Thus, the most
representative results in this test are on the first day where
the effects of these factors are said to be minimal.

Then, after getting the most effective concentration,
which is at 40 mg/mL, the most effective sonication time
for pong-pong fruit seed extract will be sought. The
following are the results of the efficacy test with variations
in the sonication time and solvents for extracts with a ;
concentration of 40 mg/mL: U TR

(©
Figure 3. Efficacy Test Results for Pong-Pong Fruit
Seed Extract at Concentration of 40 mg/mL with Variety
in Sonication Time: (a) Total Mortality Rate of NADES
Solvent for 3 Days; (b) Total Mortality Rate of Distilled
Water Solvent for 3 Days; (c) Mortality Rates in the First
Day
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From the results obtained, for extracts with NADES
solvent and 60 minutes sonication time can be said to be
the most effective, because it has a percentage of worm
mortality by 95% on the first day, followed by extracts
with 40 minutes sonication time of 85% and 20 minutes
by 75%. This result proves that longer sonication time
increases the mortality rate of the worms as a result of
more alkaloids and steroids are extracted with longer
sonication times®. It is also obtained that generally, the
extract using NADES solvent has higher mortality rates
compared using distilled water as solvents which proves
the advantage of using NADES.

This bioinsecticide is more lethal compared to other
methods. For example, the bioinsecticide using papaya
gum as the natural substance with the same extraction
method is only able to eliminate 20% of worms on the
second day and 40% of worms on the third day*. Also,
extraction using the maceration method with the same
natural substance is only able to eliminate 50% of worms
in the first day 85% of worms in the second day'®. These
numbers are inferior compared to the result of the methods
used in this experiment.

3.4 LCMS Test

4. Conclusion

In this paper, pong-pong fruit seed extract is prepared
to see its effectiveness in killing tobacco cutworms
(Spodoptera litura) that are major pests in the agricultural
industry in Indonesia. The result shows that the pong-pong
fruit seed extract can kill the worms, with alkaloids and
steroids being the main active substances responsible to
do so. The molecule is validated using the Liebermann
Test showing the presence of glycosides and FTIR tests
showing the presence of several bonds and groups present
in the molecule. The most effective concentration being at
40 mg/mL and the most effective sonication time is at 60
minutes as observed on the efficacy tests. Several
substances in the alkaloid and steroid groups are
confirmed present in the extract using the LCMS test.
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Figure 4. LCMS Test Spectrum

LCMS test is done to identify the possible substances
present in the extract. The most notable substances
obtained from the test is the observation of alkaloids 3-
[(2-Ethyl-1-piperidinyl)methyl]-1H-indole and peramine
at retention times 1.61 and 2.45 minutes respectively and
the observation of steroids CHEMBL2075011 and
Hopantenic acid glucoside at retention times 6.45 and
8.02 minutes. These alkaloids and steroids are predicted
to be the derivatives of cerberin which are the substance

responsible in killing the worms by decreasing its heart
rate.45 24-27)
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