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ABSTRACT

Characteristics and toxicity of nanoemulsion formulations of Piper retrofractum and Tagetes erecta extract mixtures.
Nanotechnology has been used in the developing of botanical insecticide formulation for improving its stability and
effectiveness. The research was aimed to make nanoemulsion formulations of Piper retrofractum fruits and Tagetes erecta
flowers extracts and to evaluate their toxicity against brown planthopper (Nilaparvata lugens[Stél]) nymphs. The development
of nanoemulsion formulaions was carried out by using the low energy method with inversion phase emulsification. The
toxicity of the four formulations was tested against brown planthopper nymphs using a contact method. Four nanoemulsion
formulations were obtained. The study showed that in the developing of the formulations, the type and level of emulsifier
materials affected the physical characteristics of formulas, such as stability, surface tension, viscosity, particle size, and
particle morphology. The nanoemulsion formulation containing 1% of the mixture of P. retrofractum fruits and T. erecta
flowersextracts, 1.75% Triton X-100 emulsifier showed the highest toxic on the brown planthopper nymph, withthe LC,, value
was 0.15%. The study indicates that nanoemulsion formulation of P. retrofractum and T. erecta extracts are potentia to be
developed as botanical insecticide to control brown planthopper of rice.

K ey wor ds: brown planthopper, nanoemulsion, particle size, surface tension, viscosity

ABSTRAK

Karakteristik dan toksisitas formulasi nanoemulsi insektisida nabati dari campuran ekstrak Piper retrofractum dan
Tageteserecta. Nanoteknologi telah digunakan dalam pengembangan formulasi insektisida nabati untuk meningkatkan stabilitas
dan keefektifannya. Penelitian ini bertujuan untuk membuat formulasi nanoemulsi dari ekstrak buah Piper retrofractum dan
ekstrak bunga Tagetes erecta dan untuk mengevaluasi toksisitas formulasi nanoemuls terhadap nimfa wereng batang coklat
(Nilaparvata lugens[Stél]). Pengembangan formulasi nanoemulsi dilakukan dengan menggunakan pendekatan metode energi
rendah dengan emulsifikasi faseinversi. Toksisitasformulasi diuji terhadap nimfawereng coklat menggunakan metode kontak.
Empat formulasi nanoemulsi diperoleh. Studi ini menunjukkan bahwa dalam pengembangan formulasi, jenis dan konsentrasi
bahan pengemulsi mempengaruhi karakteristik fisik formula, seperti stabilitas, tegangan permukaan, viskositas, ukuran partikel,
dan morfologi partikel. Formulasi nanoemulsi mengandung 1% dari campuran buah P. retrofractum dan ekstrak bunga T.
erecta, 1,75% pengemulsi Triton X-100 menunjukkan toksisitastertinggi padanimfaWBC, dengan nilai LC,, sebesar 0,15%.
Hasi| penelitian menunjukkan bahwaformulas nanoemuls ekstrak P. retrofractumdan T. erecta berpotensi untuk dikembangkan
sebagai insektisida nabati untuk mengendalikan WBC padi.

Kata kunci: nanoemulsi, tegangan permukaan, ukuran partikel, viskositas, wereng batang cokel at
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INTRODUCTION

The development of botanical insecticide
formulation isan urgent effort to provide an alternative
strategy to more environmentally friendly pest control.
Themainrolesof insecticideformulationsareto maintain
the stability of active materials during distribution and
storage, to facilitate product handling and application,
to protect the active materials from the adverse
environment, and to improve the action of active
materials by increasing its contact and interaction to
target pest (Gasic & Tanovic, 2013). Formulation of
botanical insecticidesfollowed the sameruleassynthetic
insecticides consisted of biologically active plant
materials such as extracts or essential oils, solvent,
diluent, and surfactant (Waxman, 1998). Informulating
of botanical insecticides, factors that need to be
considered arethetype of active material content, ease
in handling and mixing, safety risk, target of the
application (agricultural, forest, urban), level of
effectiveness, behavior of pest, type of appliances for
application, risk of laundering or arunoff, phytotoxicity,
and production cost (Pimentel, 2005). An accurate
selection of theformulation canimprove product stability
and decrease performance inconsistency of the active
materials (Gasic & Tanovic, 2013).

Nanotechnology has been used in botanical
insecticide formulation because it is safer and more
effective. According to Tadros et al. (2004), oil
nanoemulsion in water (O/W) is a hanometric size
emulsionwith 50to 200 nm droplet size. Theimportance
of formulating in the nano size of botanical insecticide
is it can overcome the low absorbance problem and
formulation instability (Carvajal et al., 2010) because
tiny little droplets will be broadening the surface area,
thereforeimprove the stability, absorptivity, and purity
of theformulation (McClements, 2012). Botanical nano
insecticide is expected can reduce the adverse effects
on the environment, improve effectiveness, and reduce
the cost of pest controlling (Anders & Glotzer, 2012).

The nanoemulsion can be produced by using two
different approaches, i.e. the high- and the low-energy
methods. The high energy method utilizes a strong
mechanical power to break macroscopic phases or drops
into littledropl ets, usually by using amechanical device
called as ahomogenizer, while the low-energy method
consists of spontaneous emulsification and inversion
phase (McClements & Li, 2010). The nanoemulsion
production by means of low-energy approach has some
advantages, such as ease of application and energy
efficient. The components of emulsion formula, such as
active ingredients and concentration of emulsifier,
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determine the successful production of nanoemulsion.
Nanoemulsion formulation of neem oil (Azadirachta
indica) with emulsifier polysorbate and
a kylpolyglucoside was successfully produced using a
low-energy method by Choupanian et al. (2017).
However, the nanoemulsion production method of
botanical insecticide from the mixed extract by using a
low-energy method with inversion phase emulsification
has not been devel oped. The mixture of active materials
from the plant extract that is nanotechnologically
synergetic with emulsification processwill minimizethe
utilization of active materialsandimprovethebiological
activity of insecticide.

Theextract of P. retrofractumfruit was reported
to contain insecticidal piperamide compounds, such as
guininsin, pelitorin, pipericide, piperin, and
retrofractamideA (Scott et al., 2008). These compounds
have methylendioxyphenyl groups which can provide
synergistic propertieswhen mixed with other insecticidal
compounds (Scott et al., 2008). On the other hand,
several extracts of Asteraceae plants, such as Gundelia
tournefortii, Porophyllum gracile, P. redurale,and
Wedelia calendulaceae were also known to have
a pha-tertienyl compoundsthat are synergistic (Baki et
al., 2005; Guillet et al., 1998; Ghabeish, 2015).
Therefore, the extract mixture of P. retrofractum
(Piperaceae) and T. erecta (Asteraceae) plants are
expected to be compatible and synergetic.

The research was aimed to make nanoemulsion
formulation of Piper retrofractum fruits and Tagetes
erecta flower extractsand eval uate their toxicity against
brown planthopper (Nilaparvata lugens[Stal]) nymphs.
The selection of brown planthopper as a target pest
becausethe pest isthe most damaging in rice plantation
in South-East Asia

MATERIALS AND METHODS

Research Site. Extraction and nanoemulsion
formul ation was carried out at the Laboratory of Insect
Physiology and Toxicology, Department of Plant
Protection, Faculty of Agricultural, Bogor Agricultural
University (IPB). Characterisation of nanoemulsion and
morphological analysis of particles was carried out at
the Center of Agricultural Postharvest Research and
Development, Cimanggu Bogor. The research was
performed from September 2016 to May 2017.

Extraction. Plant materials used in this study were P.
retrofractum fruits (Piperaceae) obtained from Tri
Murjo District, Central Lampung Regency (5
°07°16.86"S 105°16°06.08"T, 49 m above sea level) and
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marigold flowers Tagetes erecta (Asteraceae) from
Rajabasah District, Bandar Lampung (5°22°24.21"S 105
014°17.98"T). Each plant material was air-dried for 7 to
14 days and powdered using a blender. Every 200 g of
P. retrofractum fruits was macerated with 2 L ethyl
acetate (Indriati et al., 2015), whiletheT. erectaflowers
was macerated with ethanol (Sanchez et al., 2012). To
get maximal amount of extract with active materials,
the mixture of materials and solvent was mixed well,
thenleft for 24 hours, and filtered by using aglassfunnel
assembled with filter papers. Thefiltrate was evaporated
by using arotary evaporator at temperature 50°C and a
pressure at 400-450 mm Hg until a crude extract
resulted. The extract was stored in a refrigerator at
temperature 4 °C until tested.

Emulsifier Type and Emulsification Method. The
nanoemul sion formulation was made by using the low-
energy emulsification method with inversion phase. The
emulsification method with inversion phase was
performed by using the method of Ostertag et al. (2012)
with adlight modification, i.e. adding the water phase
into the organic phase little by little. The formulation
consisted of amixture of P. retrofractumand T. erecta
extracts by aratio of 2:1. The solvent and emulsifier
were added to each formulation as described in Table
1.

Both P. retrofractumand T. erecta extracts were
added with an emulsifier and a solvent and then
homogenized by using amagnetic stirrer at 750 rpmfor
30 minutes. The emulsion formation was carried out by
dropping water at arate of 4 mL min?! while stirred by
a magnetic stirrer at 1250 rpm for 60 minutes. The
emulsification was performed at a room temperature
(< 27°C).
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Assessment of Formulation Characteristics.
Formulation stability. Formulation stability test was
carried out by the standing method (CIPAC, 1980). A
test tube (30 ml) was filled with 25 ml of prepared
formulation, then the tube was inverted 180° 10 times.
Findly, thetubewasreturnedtoinitial positionand placed
on a tube rack at room temperature (+ 27 °C). The
color, foam, precipitation, and creaming that wasformed
after incubated for 1 to 7 days were visually observed.

Surface’s Tension. The surface tension of the
formulation was determined by using a tensiometer
CSC-Dunouy No. 70545 (Sengupta et al., 2016). A
scaled-needle was positioned at zero before
measurement then the ring balance was set by
positioning balance disc forward or backward until the
ring handle positioned at zero. Thecup filled with liquid
or emulsion to be tested was placed on the cup base
and raised until reaching the ring. The cup base was
then locked by the cup base lock and stopper lock. The
cup position was raised by turning the handle up and
down until the ring immersed in approximately 0.5 cm
from the surface. The scaled-handle was then turned
until the ring removed from the tested material. The
handl e turning was then stopped and the reading of gram
scale measurement result was agreed with the line that
equal to the scale needle pasition. The ring waswashed
after use before measuring next materials.

Emulsion Viscosity. The measurement of formulation
viscosity was performed by using a viscometer model
TV-10 TOKI Sangyo Co. Ltd. (Sengupta et al., 2016).
Thetwenty-five mL samplewas added to the container
of the viscometer device. The measurement of viscosity
wascarried out by aspindleM1 at 100 rpm. Theprinciple

Table 1. Composition of nanoemulsion formulations tested

Formulation Composition

Formula =2 et Composition (%) Emulsifier (%) Solvent (%) Aquadest (%)
TW1 P. retrofractum 0.67 Tween 80 (1.50) Ethanol 3.50 94.00
T. erecta 0.33
TW2 P. retrofractum 0.67 Tween 80 ( 1.75) Ethanol 3.50 93.75
T. erecta 0.33
TR1 P. retrofractum 0.67 Triton X-100 (1.50) Ethanol 3.50 94.00
T. erecta 0.33
TR2 P. retrofractum 0.67 Triton X-100(1.75) Ethanol 3.50 93.75

T. erecta 0.33
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of viscosity determination by the device isto measure
resistance, that is caused by theviscosity of certainfluids,
that occurred on rotating cylinder or disc in the measured
fluid. Theresult of viscosity measurement wasdisplayed
on viscometer screen. Measurement of each formula
was performed in three replicates.

Emulsion Droplet Size and Polydispersity Index
(PDI). Droplet sizeanalysisand uniformity of emulsion
sizewere determined by using the particle size analyzer
(PSA) (Noor et al., 2015). Three dropl ets of the sample
werediluted with 20 mL aquadest. The prepared sample
was then poured into disposabl e cuvettes. The cuvettes
were placed on object place at position 90° from a
detector. The instrument where the prepared object
placed was closed and measurement was carried out
by using Zetasi zer softwarewith solvent refractionindex
asdatainput and laser intensity adjustment. The average
droplet size can be read on the measurement result.
Thedroplet sizedistribution was stated as pol ydispersity
index (PDI).

Morphological Analysis of Emulsion Particle.
Visualization of form and morphology of emulsion
particles was observed by means of transmission
electron microscope (TEM) TECNAI G2 (Burapapadh
et al., 2010). The sample was firstly diluted with
aguadest by ratio 1:1 (v/v), and then dropped on the Cu
grid disc mesh 400 FormVar carbon, and then | eft-dried.
After drying, the disc was observed under several
magnifications (9700-23.000 x) until the morphology of
particle dropletswas clearly acquired.

Toxicity Assay. The concentrations applied in toxicity
assay of formulation was 0.2%, 0.1%, 0.5%, 0.25%,
and 0.125%. Those concentrations were determined
based on compatibility test between a mixture of P.
retrofractum and T. erecta extracts (2:1; w/w)
conducted before, with acquired LC, for regular EC
formulation was 0.2% (Nuryanti 2018, unpublished). Ten
nymphsof the secondinstar nymphs of BPH were used
inevery treatment. The nymphswere put into the plastic
tube (d=7 cm, p=20 cm). As much 0.4 ml prepared
emulsion was sprayed thoroughly into the plastic tube
containing the nymphes by using 20 ml hand sprayer.
Furthermore, the plastic tube containing nymphs was
covered on the rice (21 days after planted) on plastic
pots. Every treatment was repeated in 5 replications.
The observation wasimplemented at the 24, 48, 72, and
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96 hour after treated by calculating nymph mortality
percentage. The LC,, and LC,, values were estimated
by using probit analysis program POLO-PC (LeOra
Software 1987) to determine the correlation of
concentration to insect mortality.

RESULTS AND DISCUSSION

Formulation Stability. The result of formulation
stability assay showed that theformulaTW1 and TW2
(added with emulsifier Tween-80), produced more
clouded yellow colored emulsion than the formulaTR1
and TR2 containing Triton X-100 asan emulsifier. The
formula TW1 and TW2 form precipitations on the 7t
day, while the TR1 and TR2 formulas were stabled
(Table 2; Figure 1). This means that the addition of
Triton X-100 asthe emulsifier isthe best to stabilize the
formulas compared to the used of Tween-80. The
formula stabilization is assumed to be correlated with
better surface tension and particle sizeformation. The
smaller particlesin theformula, the more stableemulsion
formed, therefore, there will not either precipitate nor
creaming formed. Accordingto Guptaet al. (2016), one
interesting physi cal characteristic of ananoemulsionis
its transparent properties compared to the non-
nanoemulsion one. As stated by Hazra (2017), the
nanoemulsion has a particle size less than 200 nm,
resulting in transparent properties and more stable
movement of particles. Tadros et al. (2004) added some
advantages of nanoemulsion application on several
products, such as (a) avery small droplet hasrestraining
capacity to gravity and Brownian movement, therefore
it prevents precipitate forming and creaming during
storage; (b) asmall droplet can also avoid floccul ation
of droplets, allowsthe systemto keep distributed equally
and separated; (c) the small droplets also prevents
clustering among dropl ets.

Surface’s Tension. The lowest surface tension 32.97
+ 0.47 dyne/lcm2 wasfound at formula TR 2, while the
highest value was found at TW 1 with surface tension
39.03 + 0.25 dynecm2? (Figure 2). It showed that the
typeof emulsifier affected the surface tension. A lower
surface tension will improve the capacity of
nanoemulsion to wet and encounter the target. The
emulsifier Triton X-100 resultedin lower surfacetension
than Tween-80. According to Mao et al. (2009), an
emulsifier with higher molecular weight has lower
absorption kineticsthan emulsifier with lower molecular
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Table 2. Stability propertis of nanoemulsion formulations containing amixture of P. retrofractumand
T. erecta extracts

Observation time (day)
Formula Characters 1 > 3 2 5 5 7
TW1
Color Yellow Yelow Yelow Yelow Yelow Ydlow Yelow
Cloudy Cloudy Cloudy Cloudy Cloudy Cloudy Cloudy
Foam ++ ++ + + + + +
Precipitate - - - - - - +
Creaming - - - - - - -
TW 2
Color Yellow Yelow Ydlow Yelow Yelow Ydlow Yelow
Cloudy Cloudy Cloudy Cloudy Cloudy Cloudy Cloudy
Foam ++ ++ + + + + +
Precipitate - - - - - - +
Creaming - - - - - - -
TR1
Color Clear Clear Clear Clear Clear Clear Clear
yellow yellow yellow vydlow ydlow vyelow  vyelow
Foam +++ +++ ++ ++ + + +
Precipitate - - - - - - -
Creaming - - - - - - -
TR 2
Color Clear Clear Clear Clear Clear Clear Clear
yellow  yelow yelow vydlow vyelow ydlow  yelow
Foam +++ +++ ++ ++ + + +
Precipitate - - - - - - -
Creaming - - - - - - -

Criteriaof formulacharacter: +++: high, ++: moderate, +: low, -: none.

Figure 1. Physical gppearancesof nanoemulsion formul as contai ning amixture of P. retrofractum
and T. erecta extracts.
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weight. Tween 80 has higher molecular weight than
Triton X-100. It is known that molecular weight of
Tween-80 is 1.310 g mol-, while Triton X-100‘s
molecular weight is1.061 g mol* (Ostertag et al., 2012).
Corresponding toitsfunction, the surfactant hastherole
to stabilize formula by lowering surface tension and
forming protection layer covering dispersed globular
phase, hence the non-dissolved compounds will more
easily be dispersed in the system and stabilized. As
stated by Manglik et al. (2001), basically, a surfactant
isachemical compound with low molecular weight. The
compound has a combination of the hydrophilic group
which is attracted to water and a hydrophobic group
which repelswater. Surfactant additionwill rapidly cover
the oil-water interphase during emulsification, hence
lower the surface tension. The result expected is to
more expanded contact with the target.

Vol. 18, No. 1, 2018: 1-11

Emulsion Viscosity. The highest viscosity of the four
formulations measured was found informula TR2 with
viscosity 4.86 + 0.5 cP, and the lowest value was found
in formula TW1 with viscosity 3.76 + 0.10 cP (Figure
3). A viscosity represents the resistance of a material
to flow dueto friction or response to formation changes
when subjected to a certain force (Toledo, 2007). The
viscosity of nanoemulsion wasobserved toimprovealong
with increasing concentration of emulsifier. According
to Perazzo et al. (2015), theincrease of liquid viscosity
will increase the time needed by aliquid to flow, hence
lowering the coalescence level due to larger
ambivalence. Emulsion addition caused areduction in
droplet size at dispersed phase, which is causing an
increment in viscosity (Sanjeewani & Sakeena, 2013).
The emulsion viscosity that was increased with an
increment of surfactant concentration in spontaneous
emulsification was also reported by Sugumar et al.
(2015).
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Figure 2. Surface tension of the four botanical insecticide nanoemulsion formulations containing a mixture of

P. retrofractum and T. erecta extracts.
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Figure 3. Viscosity of four nanoemulsion formulations containing a mixture of P. retrofractum and T. erecta

extracts.
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Emulsion Particle Size. Particle size is an important
indicator used in determining emulsion stability (Ibrahim
et al., 2015). The emulsion particle size in the TR2
formulawasthe lowest, that was 80.41 + 1.67 nm, and
the highest size was found in TW1 formula, 143.80 £
1.65 nm (Figure 4). The four formulations resulted are
categorized asnanoemulsion. El-Said et al. (2015) stated
that nanoemulsionisan emulsion with droplet sizefrom
20 to 200 nm. In the application of both emulsifier
(Tween 80 and Triton X-100) showed that theincrement
inemulsifier concentration affected to aparticle size of
emulsionresulted. Thehigher concentration of emulsifier,
the smaller droplet size resulted. Anjani et al. (2012)
reported that the droplet size influenced formulation
activity. According to Ghosh et al. (2013), surfactant
concentration has an important role in determining the
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size of nanoemulsion droplet, that is the increment in
surfactant concentration causes reduction in droplet
diameter. Theincrement of surfactant concentrationin
emulsification of virgin coconut oil also decreased the
size of nanoemulsion droplet (Sanjeewani & Sakeena,
2013). Furthermore, Choupanian et al. (2017) reported
that neem oil formul ation with the addition of morethan
1.5x polysorbate and alkylpolyglucoside as emulsifier
can decrease the particle size less than 100 nm.

Polydispersity Index. Thelowest polydispersity index
(PDI) among four formulas was found at the TR2
formula, that is0.297 £0.033, and the highest index was
a TW1, that is 0.424 +0.09 (Figure 5). It shows that
the Triton X-100 emulsifier is better than Tween 80 in
resulting uniform droplets. The PDI of theemulsionisa

16000 1 14380
b=l
» 12337 B
£ 12000 = 113.50
8
- _ 80.41
2 30.00 =
40.00 |
0.00 S —
™1 ™W2 TR1 TR2
Formula

Figure4. Emulsion particle size of four nanoemul sion formul ations contai ning amixture of P. retrofractumand

T. erecta extracts.
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Figure5. Polydispersity Index (PDI) of four nanoemul sion formulations containing a mixture of P. retrofractum

and T. erecta extracts.
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parameter that represents droplet size uniformity in
emulsion system (Piorkowski & McClements, 2014).
According to Wu et al. (2012), if an emulsion has PDI
< 0.3 then the emulsion system has a good particle
uniformity. The lower PDI value of an emulsion, the
more uniform size distribution of emulsion droplet.

Morphology of Emulsion Droplet. Morphological
characteristics of the droplet by TEM at magnification
23.000x showed that Triton X-100 (both in TR1 and
TR2) resulted in asmaller droplet size and more equal
distribution (Figure 6).

Toxicity of Four Botanical | nsecticide For mulations
on Brown Planthopper. The result of probit analysis
on thefour nanoemulsion formulaof P.retrofractumand
T. erecta extract mixture on brown planthopper nymph
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at 96 hours after treatment indicated the lowest LC,,
0.05%, both at TR1 and TR2, followed by TW2 and
TW1formulawithLC, 0.07% and 0.10%, respectively.
The LC,, value indicated the same trend, however, the
lowest LC,, 0.15% resulted in TR2 formula (Table 3).
Therefore, the TR2 formula was the most toxic
compared to the other formulations.

Beside of the surface tension and viscosity, the
higher toxicity in TR2 formula compared to other
formulas was also predicted to be related to particle
size. The smaller particle size, the more efficient the
active component to contact with the target, because
the larger surface area of emulsion will enhance its
distribution and penetration (Thakur et al. 2012). Based
on particle size observation, the TR2 formula was
observed to have the smallest particle compared to the
other formula. According to Peter et al. (2014), the

Table 3. Probit regression parameter prediction on the correlation of concentration of nanoemulsion formulas
containing a mixture of P. retrofractum and T. erecta extracts to the mortality of brown panthopper
nymphs observed at 96 hours after the treatment

LCso LCos
Formula at+GB b+GB (SK 95%) (%) (SK 95%) (%)
TW1 2.88+0.36 2.89+0.39  0.10(0.06-0.13) 0.37(0.24-1.33)
TW2 3.65+0.43 3.30+0.44  0.07 (0.03-0.11) 0.25(0.16-1.22)
TR1 4.29+0.54 3.35£0.47  0.05(0.02-0.07) 0.16(0.11-0.92)
TR2 4.49+0.55 3.48+0.49  0.05(0.02-0.07) 0.15(0.11-0.51)

Figure 6. Droplet morphol ogy of four nanoemul sion formulations contal ning a mixture of P. retrofractumand
T. erecta extracts observed with a TEM with 23.000 x magnification (A = TW1; B =TW2; C=TR1,

D = TR2).
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advantage provided by nanotechnology includes the
unigque functional properties of its particles, that is
nanoparticle size with the much larger surface areaand
higher mass than those of non-nanomaterial, therefore
it allows bigger chance to contact and penetrate the
target. Hence, it canimprovethe efficacy and effectivity
of the active compounds. Vinutha et al. (2013) added
more advantages of nanoparticle use, that it give slow
release effect, hence it can extend the shelf-life.

The correlation of particle diameter to particle
number, and particle diameter to particle surface area
volume?! has two important implication to
nanoformulation behavior. First, smaller nanoparticles
canincreasethe potential to the disposition to multiple
and different locations. Second, the surface areavolume
Iratioishigher for smaller particles, and it isconducive
for larger chemical reaction becausetherearethebigger
proportion of atoms on the particle surface (APVMA,
2015).

The formulation containing a mixture of P.
retrofractum and T. erecta extracts in a nanoemulsion
form can also increase the extract activity, henceit will
improve the safety aspect to the devel oped prominent
plants. In nanoemulsion formulation, the biological
performance of the active material of botanical
insecticideisimproved by using surfactant and additives
(Chhipa2017). The nanoemulsion formulawill reduce
drifting and active material washing when being applied,
thereforeit will more precisaly hit thetarget and endure
longer in the environment (Margulis-Goshen & Magdass
2012)

Choupanian et al. (2017) stated that with
nanoformulation, the botanical insecticide can overcome
oxidative reaction and polymerization causing declining
effectivity. The nanoemulsion formulation has other
advantages, such as improving stability, decreasing
leaching and drifting duetoitssolid property, enhancing
solubility, releasing activemateria dowly, and protecting
to active material early degradation (Margulis-Goshen
& Magdassi 2012; Ragaei & Sabry 2014). The
nanoemulsion method has been applied to makebotanical
insecticide formulations, such as nanoformulation of
jojoba oil that showed an insecticidal activity to
Sitophilus oryzae (Aboelkassem et al., 2015),
nanoformulation of Eucalyptus oil for controlling
Pectinophora gossypiella and Earias insulana larva
(Moustafaet al., 2015), and nanoformul ation of essential
oil of Ocimum sanctum to control Aedes aepyti and
Culex gquinquefasciatus (Ramar et al., 2017).
Noverizaet al. (2017) described that the application of
nanoemulsion lemon grass oil at concentration 1.5%
repressed 77.92% Potyvirus (the virus causing mosaic
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diseasein patchouli plants), better than the noneone. It
indicatesthat the nanoemulsion formul ation of botanical
insecticidesis prospectiveto be devel oped for plant pest
control.

CONCLUSION

Four nanoemulsion formulations containing a
mixture of P. retrofractum fruits and T. erecta flowers
extracts, Tween-80 and Triton X-100 emulsifiers have
been produced with the low-energy emulsification
techniquewith inversion phase. Oneof theformulations
produced (TR2) showed the best performance in all
physical formulation characters, including the stability,
surface tension, viscosity, particle size, polydispersity
index, and emulsion droplet morphology. This
nanoemulsion formulation wasthe highest toxicity (LC,,
= 0.15%) to brown planthopper nymph.
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