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Abstract. To reduce the use of pesticides in agriculture, new methods of insect
control are under investigation towards lower environmental impact. The aim of
this work was to evaluate the insecticidal potential of extracts of milled fruits of
Melia azedarach obtained by supercritical carbon dioxide extraction (SC-CO,)
for the control of fall armyworm (Spodoptera frugiperda). For this purpose, the
effects of temperature, pressure, static time, extraction time and particle size were
investigated. In the test of biological activity four artificial diets were prepared
with different SC-CO, extract concentrations (100, 500, 1000 and 5000mg/Kg)
and offered to S. frugiperda (Lepidoptera, Noctuidae), evaluating mass and body
size of insects during larval and pupal stages, and mortality during all phases of
the insect biology. The higher extraction yield was obtained at 60°C and 250bar,
static time 60min and particle size of 0.85mm. Secondary metabolites from the
class of coumarins, sterols and terpenes were identified in the extract, and the
triterpene melianone a major constituent. In biological tests, during the larval
stage of the insect, mortality increased with increasing extract concentration in
the diet, with 50% mortality (LCso) at a concentration of 376.74mg/Kg and
reaching 100% at the concentration of 5000mg/Kg. At concentrations of 500,
1000 and 5000mg/Kg, the extract showed anti-feedant activity, resulting in larvae
and pupae with mass and body length significantly smaller than control. At the
concentration of 100mg/Kg it was observed bioactive effects from the adult stage
of the insect, presenting morphological deformities, hence indicating chronic
toxicity effect.
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1. Introduction

Synthetic pesticides possess quick action, but they are often toxic to mammals and non target organisms,
and have low degradation rate, remaining in the environment for a long time, hence contaminating the air, soil
and water [1]. The speed of growth in the production and use of such products is much larger than the real
knowledge about effects on both individuals and environment, and further unknown in relation to the
synergistic toxicity [2].

The need of developing ecological pesticides is urgent, due to the increasing pesticide safety requirements,
and alternative most used to this is obtain extracts from plants that have chemically active compounds.
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Pesticides of biological origin are often as effective as the synthetic pesticides, non-toxic for most species of
warm blood, reach only the target species and are easily degraded in the presence of ambient air and light [3-
4].

Insecticides plant extracts have been traditionally obtained by means of organic solvents, which must be
removed after the extraction process, generating large quantities of wastes and emissions of these compounds
to atmosphere. The supercritical fluid extraction (SFE) is a promising technology to overcome these
disadvantages [5]. The solvent most widely used is carbon dioxide, due to its easy recovery by simple
decompression and provides free solvent analytes. Moreover, for the extraction of natural products, the
technique requires lower temperatures and provides a non-oxidizing mean, which allows the extraction of
thermolabile compounds or that are easily oxidized [6-8].

Many insecticide substances derived from plants have high solubility in carbon dioxide under supercritical
conditions, with considerable yields of these compounds from SFE [4]. Compounds of terpenes class, which
have recognized insecticidal potential, have already been extracted of meliaceous Azadirachta indica A. Juss
(neem) through SFE by Ambrosino et al. [9], Tonthubthimthong et al. [10] and Ismadji et al. [11]. Another
species belonging to Meliaceae family, less studied than the aforementioned, is the Melia azedarach, which
also has proven insecticidal properties in their extracts obtained by conventional extraction methods [12-17],
but little studied in SFE.

In this work the insect antifeedant effects of SFE of M. azedarach were tested against Spodoptera
frugiperda (fall armyworm), an insect of the order Lepidoptera [18], well known for its voracity during the
larval stage, when it feeds mainly on leaves, buds, flowers and fruits of various species of crop plants such as
rice, maize, sorghum and some cruciferous [19-21], have their occurrence in the Americas, with confirmed
activity throughout the year in tropical regions.

2. Materials and method

2.1 Plant material

Samples of fruits of Melia azedarach were collected during summer 2012 (February), when its color was
light green and smooth epidermis, in the city of Chapecd located on South Brazil (27°05'38" S, 52°40'0.5" W).
Voucher specimens were deposited on the Herbarium of Community University of Chapecé Region
(Herbarium Unochapec6) with the accession number of UNO 2841. Plant material (fruit) was dried (40°C for
two days) and then milled in industrial blender. The samples were then stored at room temperature under
nitrogen atmosphere prior to the extraction.

2.2 Supercritical CO,; extraction

Carbon dioxide (99.9% purity in the liquid phase) was kindly provided by White Martins S.A. The
experimental extraction apparatus and procedure have been described in detail in a variety of studies [22-25].
Briefly, the experiments were performed in a laboratory scale unit, which consists basically of a CO,
reservoir, two thermostatic baths, a syringe pump (ISCO 260D), a 0.518L jacketed extraction vessel, an
absolute pressure transducer (Smar, LD301) equipped with a portable programmer (Smar, HT 201) with a
precision of £ 0.12 bar, a collector vessel with a glass tube and a cold trap. Amounts of around 70.03g + 0.09g
of dried and powdered fruits were charged into the extraction vessel. The CO, was pumped into the bed,
which was held by two 300 mesh wire disks at both ends, and was kept in contact with the sample matrix for
at least one hour to allow the system stabilization at the same condition of the experiment. Afterwards, the
essential oil was collected opening the micrometering valve and the CO, mass flow was accounted for the
pump recordings.

Effects of temperature and pressure. To investigate the effect of extraction temperature and pressure on
the yield (w/w %) of fruit extraction of M. azedarach, it was employed a full 2 factorial experimental design
with triplicate at the center point, considering as main variables extraction temperature in the range of 313K
to 333K and pressure from 150 bar to 250 bar, as recommended by Yu et al. [26] for the extraction of
limonoids of plant tissues. In these tests, the static time was fixed at 120 min, the extraction time at 90 min,
the mass CO, flow rate of 2g/min and fruit size less than 4.0 mm.

The extraction yield is defined here as the weight percentage of the oil extracted with respect to the initial
charge of the raw material in the extractor.
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Effects of static time. Extractions with different contact times of supercritical CO, with the fruits of M.
azedarach were performed, evaluating the yield of extraction (w/w %) at 60, 120 and 180 minutes, keeping
constant the extraction time of 90 minutes and temperature and pressure mentioned before.

Effects of particle size of fruits M. azedarach. To evaluate the effect of particle size on the extraction
yield, extractions of fruits were performed with three different particle sizes: 0.85, 2.0 and 4.0 mm, with data
collection at 15, 30, 60, 90 and 120 minutes of extraction, obtained from a series of Tyler sieves, mesh 20, 10
and 5, respectively. The fixed parameters in this evaluation were contact time cited before, extraction time of
90 minutes, and temperature and pressure established aforementioned.

2.3 Phytochemical analysis

The phytochemical screening was accomplished as described by Harbore [27], observing colorimetric
variation after the addition of specific reagents, in silica gel plates 60 F254 (Merck®. The main
phytochemicals analyzed were terpenes, sterols, flavonoids, alkaloids, coumarins and tannins.

ESI-Q-TOFMS measurements were performed with a micrOTOF Q-II (Bruker Daltonics) mass
spectrometer equipped with an automatic syringe pump from KD Scientific for sample injection. The ESI-
QTOF mass spectrometer was running at 4.5 kV and a desolvation temperature of 180 °C. The mass
spectrometer was operating in the positive ion mode. The standard electrospray ion (ESI) source was used to
generate the ions. Sample was injected using a constant flow (3uL /min). The solvent was an
acetonitrile/methanol mixture. The ESI-Q-TOF MS instrument was calibrated in the range m/z 50-3000 using
an internal calibration standard (Low concentration tuning mix solution) which is supplied from Agilent
Technologies. Data were processed via Bruker Data Analysis software version 4.0.

2.4 Bioassay test against Spodoptera frugiperda

The extract used in the biological tests was obtained by extraction SC-CO2 at 250bar and 60°C from the
fruits of M. azedarach. The bioassay was conducted with four concentrations of SC-CO2 extract (100, 500,
1000 and 5000 mg of extract by Kg of diet) offered to the larvae of S. frugiperda J.E. Smith (Lepidoptera:
Noctuidae) with seven days old, which had an average length of 0.65 cm (£0.05 cm) and a weight of 2.72 mg
(2£0.37 mg). The larvae were kept individually in capped plastic containers (80 mL) together with the diet, at a
temperature of 25.0°C (£0.5 °C). The experimental design was executed completely random. In each
treatment it was used 10 larvae, in four replicates. The artificial diet used in the experiment was prepared as
described by Greene et al. [28].

The evaluations were performed twice a week, recording the number of dead individuals in each
treatment, the average length and weight of each caterpillar survivor since the implementation of the
experiment until adulthood insect, resulting in 40 days of the experiment. Mortality larvae data were corrected
for control mortality using Abbott's formula [29] and the LCs, (concentration that produces 50% mortality)
was determined by logPROBIT analysis.

3. Results and discussion

3.1 Supercritical CO; extraction

Effects of temperature and pressure. Through the analysis of variance, it was found that only the
pressure variable had significant influence on the extraction yield of the fruits of M. azedarach with
supercritical CO, (confidence level of 95%). Extraction temperature and the cross effect of temperature and
pressure showed no significant influences. It was possible to observe higher yields in assays with higher
pressures (Table 1). This result was also reported by other authors in their studies with SC-CO, extraction
from different plants [30-32].

The efficiency of extraction depends on the solubility of the compounds in the supercritical solvent used.
The solvating power of supercritical CO, is a direct consequence of its density and can be represented by a
nonlinear function of pressure and temperature operation [33].

From Table 1 it is observed that increasing the system pressure at isotherm conditions, results in a raise in
solvent density, and accordingly an increase in solvent power. On the other hand, if system temperature is
increased at isobaric conditions, there is a reduction in solvent density, but an increase in the vapor pressure
of the solute.
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Table 1. Experimental data and the observed response values with different combinations of
temperature (T) and pressure (P) for M. azedarach fruits by SFE
Coded parameters ~ Actual parameter values

T b T (0 P (bar) CO, density™® (g/L)  Yield (%, wiw)
-1 -1 40 150 781.6 2.32+0.45
+1 -1 60 150 607.2 0.48 +0.10
0 0 50 200 785.0 4.10 +0.50
-1 +1 40 250 880.2 3.98 +0.18
+1 +1 60 250 787.2 5.15 +0.35

@ SPAN; WAGNER, 1996.

The response surface of Fig. 1 shows that at 250 bar the extraction yield was higher at 60°C, since at a
pressure of 150 bar, the highest yield was obtained at 40°C, occurring then, a crossover in the extraction yield
curves. This phenomenon is known as retrograde condensation [34-35], which is a result of the predominance

of only one of the factors that influence the solubility of solute in CO, (solute vapor pressure or solvent
density).
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Figure 1. Graph of response surface for the yield of extraction SC-CO, of fruits of M. azedarach in relation to
pressure and temperature

At higher pressure level (250bar) the effect of vapor pressure predominates and the higher the system
temperature, the greater solute vapor pressure, implying in the increase extraction yield. However, at lower
pressures (150 bar) the behavior is opposite, due to the predominance of solvent density (solvent power), and
an increase in temperature will cause a reduction in solvent density and thus a reduction in the extraction
yield. Thus, it can be inferred that the effect of temperature on SFE is more complex, because affecting both
the density of the solvent as the molecular mobility in general [32, 36-38]. Similar results were also found for
SC-CO, extraction of seeds of Rosa canina L. (Rosaceae), and extraction of Jatropha curcas L.
(Euphorbiaceae), with crossover curves by pressure for different isotherms [39].

Effects of static time. The time that the fruits remained in contact with supercritical CO, before the
extraction itself (solvent flow through vegetable bed) resulted in an increase in the extraction yield with the
increase of static time, however, this increase was not significant (Table 2). This behavior is related to the
solubility of the solute in the supercritical fluid. Usually, larger contact times between the solid matrix and the
solvent promotes a greater solubilization, but when the solubility value of the solute in a given solvent is
reached, greater contact time will not result in an increase in solubility, which was also observed in other
studies with SC-CO, extraction of other plants [30, 40-41]. The time of equilibrium (saturation) depends
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largely on temperature, but generally a static time of up to 30 minutes is reported by some authors as
sufficient for extraction of natural products with supercritical CO, [42-43].

Table 2. Extraction yield in relation to the static time

Time (min) Yield (%)
60 4.32+0.49°
120 4.45+0.53 ¢
180 4.65+0.39 °

Values followed by the same letter in columns do not differ
byTukey test at significance level of 95%.

Effects of particle size of fruits M. azedarach and extraction kinetics. The decrease of particle size of
fruits M. azedarach resulted in increased yield of SC-CO, extraction (Fig. 2). The improvements in extraction
yield might be explained in terms of the positive effect of reduced particle size on the internal resistance to
mass transfer in solid matrix, which is relevant in process SFE. Thus, the rate of extraction is increased due to
shortening of diffusion path [44]. Additionally, the milling process produces smaller particles, which causes
an increase in specific surface area (surface area-to-volume ratio), and rupture of cell walls and other internal
barriers to mass transfer, leaving the solute more accessible to supercritical solvent [45-46].

6

0.85 2 4
Particle size (mm)

Figure 2. Extraction yield SC-CO; in relation to the particle size of fruits of M. azedarach. m mean, | mean + standard
deviation

When evaluating the extraction yield with respect to time (extraction kinetics), the effect of particle size
on the mass transfer of SC-CO, extraction (Fig. 3) can be better visualized. For small fruit sizes, the
extraction yield increased significantly until 120 min, and for larger fruit sizes, the yield reached an
asymptotic behavior after 60 min.

Is can be observed from Fig. 3 that in the initial extraction phase the yields obtained with different fruit
sizes were similar, which is explained by initial period of extraction kinetics, named as constant extraction
rate (CER), where the solvent removes easily the more accessible solutes, which are on the particles surface.
A higher CER can be noted for the fruits with size of 0.85 mm, just because the duration of this period is
directly proportional to the amount of disrupted cells [47].

As the extraction takes place, the solutes more accessible will be depleted, and from that moment, the
internal resistance of mass transfer will become limiting fact for the extraction rate (FER and DP periods)
[48]. Thus, the particle size has a direct influence on the yield, since smaller particles favor the internal
diffusion process, due to the shortest distance of solvent to intraparticle solute molecules. In the extraction
kinetics it was verified that the CER period represents over 80% of extraction yield, and according to
Meireles [49], although more accurate mathematical models are generally required for the entire process
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simulation, a simple mathematical model that describes the CER period can be sufficient for a preliminary
analysis of the feasibility of SFE.
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Figure 3. Kinetics of SC-CO, extraction for two sizes of fruits of M. azedarach. -e- mean fruit diameter 0.85mm; -m-
mean fruit diameter 2mm, | mean * standard deviation

Results obtained in this work are in complete agreement with other studies available in the literature [50-
56], which show that the diffusion of the solvent inside the particle and solvent with solute outside the
vegetable particles is the period that can limit the SC-CO, extraction process, and then the solid preparation
(milling) is a key step for the design and feasibility of the extraction process.

3.2 Phytochemical analysis

In the SC-CO, extract of fruits of M. azedarach it was confirmed the presence of terpenes compounds,
sterols and coumarins, with higher amounts of compounds from the class of terpenes, which are associated
with the insecticides effects on the insects. Through analysis of ESI-Q-TOFMS it was observed the presence
of the compound melianona in the extract (Fig. 4), a triterpene as the major constituent of M. azedarach [57].
In spectral measurements this compound exhibited a [M + Na]* at m/z 493.3 for C3H.s0,4. This compound
has antifeedant activity against larvae Pieris rapae (Linnaeus) (Lepidoptera: Pieridae) [58] and on
Reticulitermes speratus (Kolbe) (Isoptera: Rhinotermitidae) [59].

x1 04 Melianona000001.d: +MS, 0.0-1.0min #(2-62)|
A 963.7
1.5
1.0
0.5 493.3
729.0
o 337.2 381.3 N o
x10%] Ext SC-CO2000001.d: +MS, 0.0-1.0min #(2-60)
B 6395
2.0
535.3
1.54
1.0
437.2
] 493.3
0.5 349.1 l 901.7
ool AL T3S S A ‘ .
300 400 500 600 700 800 200 1000 1100 m/z

Figure 4. Mass spectrum of melianona compound (A) determined by ESI-Q-TOF-MS analysis showing ion [M + Na]*
(m/z 493.3). Mass spectrum of the extract SC-CO, with ion mass 493.3 also present (B)
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3.3 Bioassay test against S. frugiperda

The SC-CO, extract of fruits of M. azedarach significantly affected the survival of larvae of S. frugiperda
at all concentrations tested, with increased mortality proportional to the increase of extract added to the diet
(Table 3), with LCs, of 376.74mg/Kg (the concentration that produces 50% mortality). None caterpillar of
treatment with 5000mg/Kg completed the larval stage. In this, the 50% of mortality of larvae was recorded in
20 days after the start of the experiment, reaching 100% in 30 days. For this same lepidopteran, the aqueous
extract of leaves of M. azedarach caused 100% larval mortality at concentration of 10000 mg/Kg [60], and
the methanol extract of leaves, 100% mortality was recorded at a concentration of 4000 mg/Kg [61],
demonstrating that the SC-CO, extract of M. azedarach has insecticide effects similar, and even superior, to
that of extracts obtained by conventional extraction methods.

Other effect observed was that many caterpillars in the treatments with 500, 1000 and 5000mg/Kg died
during ecdysis, especially during the formation of the pupa, which is associated with a disturbance in the
endocrine system of insects, causing death during the sclerotization, due to reduction and blocks the release of
eclosion hormone, preventing the completion of morphogenesis [62].

Besides affecting survival, the extract of M. azedarach also influenced the development of the S.
frugiperda larvae, which had mean weight and length significantly lowers than in the control treatment, what
is associated with an antifeedant action of the extract, as well, is reported that extracts this meliaceous
promote activation of cytochrome P-450, which constitutes an important mechanism for degradation of toxic
[63-64], diverting energy resources that would normally be used for biomass gain.

Table 3. Results obtained in tests with not choice during the stages larval, pupal and moth of S. frugiperda after
application of the SC-CO, extracts of M. azedarach at different concentrations in larvae diet

Larval period Pupal and adult periods
Body Moths with
Treatment Weig(rg length Morta(lzi)ty VITI:ng aﬁt Pupatggc;n Emerg?Ar)lce morphological vi;gﬁiilty
mg/K m cm % % % deformities (%
(mg/Kg)  (mg) ((1)) (%) (mg) (%) (%) it (%) (%) ©
384.40  3.050 384.40
Control +874% +030° - +87.4° 82.5 78.8 0.0 78.8
379.21
379.21 2.975
100 +06.4%  +033° 21.21 tQaEA 65.0 57.7 26.7 21.7
321.38 2824 321.38
500 +123.3 oo 2 48.48 +123.3 425 64.7 9.1 25.0
b +0.38 b
133.19 2.159 133.19
1000 +100.6 10649 57.58 +100.6 35.0 429 0.0 15.0
Cc Cc
5000 27 1% 10000 - 0.0 - - 0.0
203 T ' ' '

Values followed by the same letter in columns do not differ by Tukey test at significance level of 95%.
@ Values recorded thirteen days after treatment

@ Corrected mortality Abbott Equation (Heong et al., 1998).

® 05 = number of pupae x100/total number of larvae.

® 05 = number of adults emergedx100/total number of pupae.

®) 9% = number of adults with morphological deformitiesx100/total number of adults.

© 9% = number of individuals what completed all stagesx100/initial number of larvae.

Smaller larvae gave rise to pupae significantly lower in the treatments with SC-CO, extract of M.
azedarach (500, 1000, 5000mg/Kg), and pupae biomass has a high correlation with the fecundity of adults,
being reported reduction in fecundity and the number of offspring [65]. Species such as S. frugiperda use
foods of low nutritional quality during adulthood, and depend on the protein reserves accumulated in the
larval stage. The occurrence of sterility in these insects is usually associated with eating disorders during the
larval period [66].
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The pupal viability was also lower in the treatments with the highest concentration of extract in the diet.
The treatment with the lowest concentration of extract (100mg/Kg) showed the least adverse effects in S.
frugiperda during larval and pupal stages, but in adulthood, this extract was which resulted in much of
emerging adults with morphological deformities. Because of the normal development of insects in this
treatment, food intake was normal, causing accumulation of toxic substances in the organism of these insects
during the larval stage, causing retarded bioactive effect, when there was no more exposure to the extract. The
morphological deformations observed in moths S. frugiperda were malformed wings and difficulties of
insects free themselves from the pupal casing. At the end of this experiment, no treatment with added extract
on diet the percentage of individuals who reached adulthood (total viability) was superior to 30%.

4. Conclusion

In the SC-CO, extraction of the fruits of M. azedarach, the variables that most influenced the extraction
yield were system pressure and particle size, resulting in the best extraction yield at pressure of 250 bar and
0.85 mm particle size. The temperature however not significant affected the extraction yield but using a
pressure of 250bar at 60°C resulted in highest yield. The SC-CO, extract of M. azedarach showed biological
activity against S. frugiperda at all concentrations tested. At higher concentrations (500, 1000 and
5000mg/Kg) bioactive effects were observed during larval and pupal stages, with larvae and pupae
significantly lower than the control treatment. At the lowest concentration (100mg/Kg) the extract caused
retarded bioactive effect, with adults presenting morphological deformities.
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