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Introduction:-

Natural and modified kaolinite minerals are widely used in industrial
applications and environmental protection, in particular, sorbent
processes. The aim of this work consists in proposing an alternative
application for the kaolinite as a slow release device of pheromone
benzaldehyde. Porous kaolinite pellets were produced by uniaxial
compression molding under a pressure of 145 MPa, approximately. The
pellets were sintered at 900°C and characterized by X-ray diffraction
(XRD), Energy Dispersive X-ray fluorescence spectroscopy (EDX) and
Fourier transform infrared spectroscopy (FTIR). Afterwards, these
pellets were impregnated with benzaldehyde, a synthetic pheromone
used to attract kissing bugs. The pellets were analyzed by FTIR, after
the impregnation process, in order to verify the presence of the sorbed
benzaldehyde. In addition, bioassays were performed in laboratory
scale, on T. infestans nymphs and adults for evaluating the maximum
release period and the attractant efficiency of pellets using impregnated
pellets and control ones. The results of the release of benzaldehyde
analysis showed existence of benzaldehyde after sixty days and the
results of bioassays release showed more effectiveness in attraction of
adult insects than nymph instars, suggesting that the porous kaolinite
pellets are a promising alternative in trap system applications in the
vector control to T. infestans, using benzaldehyde.

Copy Right, 1JAR, 2017. All rights reserved.

Kaolinite minerals have been used widely in structural, electronic and optical applications (1), zeolite production
(2), ceramic foams (3), as adsorbent (4), and others. Kaolinite is used, particularly, in the field of adsorbents due to
the excellent property that water or other molecules adsorb up in the interlamellar space (5,6,7). The absorbency
capacity of kaolinite strongly depends on their composition and morphology. Kaolinite minerals can be modified by
thermal treatment and the organic groups can be attached to them by chemical bonding, adsorption or absorption (8).
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Sex pheromones are powerful chemical attractants emitted by female and male insects. Pheromones of many species
have been identified and are synthetically produced for use in pest management programs. Aggregation pheromones
are other type of pheromone produced by either or both sexes to attract males and females to food and harborage.
Benzaldehyde (CsHsCHO) is the simplest and most used industrially of the aromatic aldehydes. It is widely used in
flavors such as almond and cherry in various fragrances for soaps and toiletries, in the pharmaceutical production,
aromatic alcohols, photographic chemicals and others (9). In the context of using by its aromatic property, Torto et
al. (10) reported the application of benzaldehyde and five others aromatic compounds as aggregation pheromone
system to young and older adult gregarious desert locust Schistocerca gragaria. Leal et al. (11) reported the
application of benzaldehyde as alarm pheromone to the acarid mite Tyrophagus perniciosus. Previous studies carried
out have found that benzaldehyde is liberated as volatile pheromone during triatomine copulation (12).

Currently, different countries in South America, including Paraguay, Brazil and Argentina, have been developing
programs to eliminate Chagas disease vectors and monitor their reinfestation process through surveillance
entomological systems. One of the potential methods that are being experimentally tested consists in using
polyethylene bags, which store a substance (pheromone) to attract the vector (kissing bugs or triatomines).
According to Rojas de Arias et al. (13), release rates of hexanal and benzaldehyde from polyethylene vials remain
only 20 days at room temperature. This rapid evaporation of the attractive substance constitutes the main
disadvantage of using this strategy of release, since when the technique is being tested in a season, control activities
are carried out at one, three and six months of post-spraying. The strategy loses efficiency after 20 days, and
consequently it demands a lot of financial support for recharging the attractive substance in all the places that are
being monitored.

The aim of this work is to study the possibility of the porous kaolinite pellets to be applied as a slow release system
of pheromone, for trapping of Chagas disease vectors, using the benzaldehyde as attractant substance. The results
demonstrate that the present system is very efficient, since it can be used for longer time and is more efficient during
the assays (bioassays) using Kissing bugs (males, females and nymphs), separately.

Materials and methods:-

Porous Pellet Preparation.

The commercial kaolinite (INNAT) powder was used to prepare porous pellets. The powder was manually mixed
with 20%w/w of porogenic agent (cornstarch), both with granulometric range p < 53um, and uniaxially compacted
at 148 MPa, using a cylindrical die of 20 mm in diameter. Pellets were sintered in air at 900°C (M2CA) for 6h with a
heating rate of 10°C/min and then they were cooled down until room temperature (14).

The chemical composition was determined by Energy Dispersive X-ray fluorescence spectrometer, model EDX-720.
A Panalytical with cobalt pipe, model XPERT Pro MPD, using 40mA and 40kV, was used to record X-ray
diffraction patterns at a resolution of 10° to 55° with 0.02° steps and counting time at 1s.

Fourier Transform Infrared Spectroscopy (FTIR) analyses were performed in a Nicolet 800 spectrometer associated
with an Mtech PAS cell. FTIR spectra were obtained in 4000-400 cm™ interval with 128 scans at a wavenumber
resolution of 4 cm™. The sample chamber of the PAS cell was purged with helium gas and dried employing
magnesium perchlorate as a dehumidifying agent. The powders were mixed in KBr, compressed into tablets and
analyzed by transmittance technique. This enabled the characterization of the peculiar functional groups of the
samples and to study the interaction between benzaldehyde and kaolinite pellets in different times.

The pellets were impregnated with 200 pl of benzaldehyde (ANEDRA, 99.0%, Argentine) without further
purification. The release assays of benzaldehyde from kaolinite pellets were performed for 0, 24, 168, 360 and 900
hours and monitored by FTIR analyses.

Triatomine bioassays.

Twelve insects of each sex or stage were subjected separately to capture tests using pellets with and without
benzaldehyde, called bioassays, each group of insects were tested sequentially for 34 and 100 days, by each assay
time. The pellets were installed inside the trap boxes. These boxes were fixed one at each end of the maze, at one
end a box with impregnated pellet and in another one pellet without benzaldehyde, considered as control box. The
maze was internally divided into three rooms, with two internal walls and two small doors at the bottom of these
walls, to allow the insects to freely move in the interior of the maze, Fig. 1. The specimens were introduced through
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an entrance at the top of the maze. The runs were performed under conditions of partial darkness during the day and
total darkness at night. The bioassays were performed at room temperature and catch records were registered every
two days.

Figure 1:- Configuration of the maze indicating the dimensions and the input of the bugs, trap box (10x20 cm) and
the kissing bug.

Results and discussion:-
Kaolinite pellets characterization

EDX results of kaolinite (INNAT) and M2CA samples are shown in Table 1. Both samples presented similar
chemical composition with slight variation after sintering process.

Table 1:- EDX results: chemical composition (wt%) of INNAT and M2CA samples.

Sample Elements (%)

S|02 AI203 FEQOg K,0 T|02
INNAT 53.7 16.7 18.2 6.9 3.4
M2CA 52.5 22.5 12.0 9.0 3.9

Figure 2 shows the X-ray diffractograms of INNAT and M2CA samples. From the XRD patterns, it can be seen the
change in crystalline phases of kaolinite induced by thermal treatment to metakaolinite. Characteristic major
kaolinite were absent or reduced at 26 equal 12.49 and 25.00°, indicating a major loss of hydroxyl groups. The
peaks at 20.80, 26.78 and 50.29° correspond to quartz. Kaolinite undergoes a structural rearrangement upon heating,
the calcination step causes the liberation of the hydroxyls in the form of water vapor and a more amorphous phase is
formed (4).
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Figure 2:- X-ray diffraction patterns of INNAT and M2CA samples (k-kaolinite; g-quartz; i-illite).

FTIR spectra and band positions with their respective bond vibrations are displayed in Fig. 3 and Table 2,
respectively. Both samples showed similar absorption bands in their respective spectra. The INNAT sample
presented three characteristic bands of kaolinite at 3695, 3652 and 3620 cm™, suggesting Al-OH stretching mode.
However, for M2CA sample, these bands underwent a significant absorption reduction due to the dihydroxylation,
as evidenced by the bands at 3651 and 3476 cm™ (15,16,17). H-O-H bending vibrations of water exhibited
absorption bands at 1637 and 1629 cm™. The absorption at 1114 and 912 cm™ in the INNAT sample spectrum are
characteristics of kaolinite and OH deformation linked to 2AI**, respectively, but they disappeared after sintering.
The bands at around 1031, 1006 cm™ and 1043 cm™ are associated to the Si-O stretching mode, and those at 468 and
429 cm™ and 470 cm™ are assigned to the Si-O-Si bending vibrations. Fe-O, Fe,O5 and Si-O-Al functional groups
were found at 537 and 550 cm™, while Si-O stretching vibrations of quartz were observed at 796 and 694 cm™
(17,18,19). Such results are in accordance with EDX and XRD data in Table 1 and Fig. 2, respectively.

o, 0 aze W1
550 796
470 , i o —
1042 1837 TNNAT
594796 : ) Y
Ny ¥ a0 3695
|| o oe2) L, 3652
8% 10067, .,
s rrrrrr et aeer
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber (cm-1)

Figure 3:- FTIR spectra of INNAT and M2CA samples.
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Table 2:- FTIR band positions (wavenumber in cm™) and respective bond vibrations for INNAT and M2CA
samples.

Sample Band vibrations
Al-OH H-O-H Kaolinite OH Si-O Si-O-Si Fe-O, Si-O
stretching | bending deformation | stretching | bending Fe,0s, quartz
of H,0 linked to 2AI** Si-0-Al
stretching
INNAT 3695, 1637 1114 912 1031, 468, 429 537 796,
3652, 1006 694
3620
M2CA 3651, 1629 - - 1043 470 550 796
3476

Release of benzaldehyde analysis

Figure 4 presents the FTIR spectra of the samples submitted to release assay, recorded in the range 3250-1500 cm™.
The band at about 1696 cm™ corresponds to the stretching C=0O of carbonyl group, that identifies the presence of
benzaldehyde (19,29). The reduction of this band can be associated to slow release of the benzaldehyde, which
reduces the frequency of carbonyl adsorption (21). During the sixty days of assays, it is possible to observe the
reduction of this band over time and no benzaldehyde content at the end of the assay. Furthermore, there is a
reduction in the bands around the 2750-2500 cm™ region that corresponds at stretch C-H (20), confirming the
presence of aldehyde in the pellets. The presence of these bands is associated to benzaldehyde. The band around
3073 cm™ corresponding to stretching C-H can be associated to acid benzoic formation (22), since benzaldehyde
tends to transform by partial oxidation to benzoic acid (23). The band observed at about 1640 cm™ is assigned to
illite phase (24) present in the M2CA sample, which was also identified in the XRD diffractogram, Fig. 2.

INNAT
t,= 0 hours
t = 1day .
- 1640 cm
B 7 days
L= 15 days
t =37 days
1, = 60 days
. 1690 ¢cm’' C=0
J L
v T v T T A 1 v 1
3000 2750 2502000 1750 1500
wavenumber (cm)

Figure 4:- FTIR spectra of INNAT and M2CA samples in different times of benzaldehyde.

Bioassays Release

Figure 3 shows the bioassay results obtained from pheromone release M2CA samples with 34 and 100 days of
testing. From these data, it can be observed the effectiveness of porous kaolinite pellets in pheromone release.
During the tests at different times, it was possible to register catches of triatomine in traps with impregnated pellets
(benzaldehyde) and no catch in traps with non-impregnated pellets (control). Considering the effect of the
benzaldehyde release by the pellets with respect to triatomine adults of T. infestans, female and male, it was

1722



ISSN: 2320-5407 Int. J. Adv. Res. 5(9), 1718-1725

observed that females were more attracted (41.67%) than males (33.33%). These results are in agreement with the
literature (25,26), which report that the triatomine female is more susceptible to the action of the benzaldehyde (12).
However, with regard to the nymph instars in comparison with adults, the results were not significant in view of the
low percentage (8.33%) recorded compared with those obtained for the adult insects. In fact, this result was
expected since benzaldehyde is considered a volatile sexual attractant (24). Due to the low index of catches of the
nymphs, the assays of 100 days for them were not realized.

In some studies benzaldehyde is also considered as aggregation pheromone (10). However, during these assays
aggregation phenomenon was not observed in the impregnated pellets. However, from the bioassays, it was possible
to verify a sexual attractant, since the satisfactory results were provided for males and females, but not so for nymph
instars.

Bioassays showed that the porous pellets kaolinite is a promising alternative for the implementation of slow release
systems for traps in monitoring T. infestans systems. It is expected that the pellets can replace the polyethylene vials
and reduce costs in potential surveillance tools of Chagas disease vectors (13). It is noteworthy that the highest
percentage of capture occurred during the first 60 days of the test, which corroborates the results observed in the
release assays of benzaldehyde. The results, Fig. 4, show that after 60 days of this testing, the percentage of
benzaldehyde is almost non-existent.

%] [%]

80,00

Average 35 days 27,78 Dewiation 35 days 17,35
0,00 Average 100 days 37,50 Deswiation 100 days 417
£ 000
g
B 50,00
w
- =] AL.67 W35 days @100
A1, 00
3333 3331

30,00
20,00
33
. - - —hj.
0,00
L Female Plyrmpl

Figure 5:- Bioassay results regarding different sex and nymph instars insects.

According to the results, Fig. 5, the average catch of T. infestans, without differentiation between sex and stage, was
27.78% (35 days) and 37.50% (100 days). Associating each mean, the standard deviation was 17.35% and 4.17% in
the cases of 35 and 100 days, respectively. The high value of standard deviation for the capture from 35 days of
release can be explained by the low catch of nymphs and due to the reduction of the benzaldehyde effect, from 60
days.

Conclusions:-

This paper presents a theoretical-experimental analysis of porous kaolinite granules for use as a slow release system
of pheromone (benzaldehyde), to attract T. infestans. The results show that using the proposed system it is possible
to improve the efficiency and reduce the intervals of change of vials when compared to the system of classic
polyethylene bags currently used in vector control in the different countries of the region of South America.

The characterization of the kaolinite as raw material showed that the results of the chemical composition did not

present contaminants that could react with the benzaldehyde in the pellets o vials. There were no chemical
transformations that could compromise the efficiency of work. The results obtained in this work by FTIR does not
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accurately state the relationship between the adsorption and release of benzaldehyde from vials produced from
kaolinite. More precise studies, using more appropriate techniques, such as gas chromatography, should be
performed to verify the presence of the benzaldehyde in vials at different times.

From the bioassays, it was verified that the porous kaolinite granules are an alternative to be used as slow release
systems of benzaldehyde in the traps to attract T. infestans, making it possible to reduce the expenses, increasing the
potential use in systems of surveillance of vectors of Chagas' disease.
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