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The heavy economic damages are the major concern in storage that was caused by
coleopteran pests. The conventional control that is accomplished by synthetic
pesticides created toxicity to non-target organisms, development of resistance and
residue’s problems. Nowadays, with changes in legislation and consumer demand,
alternatives to synthetic pesticide to manage the store product pest are increasingly
needed. The repellent compounds could be considered as one of the mentioned
methods in storage. In this study, five widespread species of stored product pest
including Sitophilus oryzae Linnaeus, Tribolium castaneum Herbst, Rhizopertha
dominica Fabricius, Oryzaephilus surinamensis Linnaeus and Lasioderma serricorne
Fabricius were conducted to assay the percentage repellency (PR) of Palizin®
(Coconut Soap 65%). Percentage repellency was achieved with beetles which were
exposed to 0, 0.5, 1, 5 and 10% concentration using three techniques: filter papers,
Y-shape tube and cup bioassays. In each of these methods, the means of PR reacted
to increasing concentration except 7. castaneum and O. surinamensis after 72 and
48 h. The maximum PR of Palizin® belonged to a concentration of 10% (except
R. dominica at 5% and 48 h). Among the methods, except filter paper, degradation
process resulted to a decreasing trend of PR. In the present experiment, Palizin® can
be recommended as a limiting factor of all beetles and the data which were exported
by Cub bioassay were closely adapted to reality condition of storage.

Keywords: Cub bioassay; filter paper method; olfactometer tube; pesticide; repellent

1. Introduction

The damage of food stored that was caused by insects and other bio-agents such as
rodents and fungal diseases was 50%, approximately, in developing countries, annually
(Brader et al. 2002). Among the insect class, the most serious damage is caused by
Coleoptera order because of its feeding during both larval and adult stages (Borror et al.
1984). The rice weevil (Sitophilus oryzae Linnaeus) (Coleoptera: Curculionidae), the red
flour beetle (7Tribolium castaneum Herbst) (Coleoptera: Tenebrionidae), the lesser grain
borer (Rhizopertha dominica Fabricius) (Coleoptera: Bostrichidae), the saw-toothed
grain beetle (Oryzaephilus surinamensis Linnaeus) (Coleoptera: Silvanidae) and the
cigarette beetle (Lasioderma serricorne Fabricius) are frequently found in extremely
high numbers of store products (Garcia et al. 2005; Halstead 1963). Synthetic insecti-
cides and fumigant compounds are widely used to control and prevent post-harvest pest
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infestation. However, the use of insecticides has several disadvantages; residues on the
oilseed, developing resistance populations, increasing costs of application, worker safety,
ozone depletion, toxicity to non-target organisms and consumer concern (Jemberem
et al. 1995; Okonkwo & Okoye 1996; Phillips & Throne 2010). The progressive public
distress over safety of pesticide and their environmental pollution has originated in
growing interest in finding alternative strategies for chemical control for stored-product
pest (Rajendran & Sriranjini 2008). Currently, the researchers worldwide have focused
on the use of natural components such as plant oils due to their low mammalian toxic-
ity, environmental safety and biodegradable properties (Raja et al. 2001; Papachristos &
Stamopoulos 2002).

In the recent studies, susceptibility of L. serricorne, O. surinamensis, R. dominica,
S. oryzae and T. castaneum to plant-derived materials was evaluated. For example,
Agastache foeniculum (Pursh) Kuntze essential oil was tested for toxicity against adults
of O. surinamensis and L. serricorne by Ebadollahi et al. (2010a). The influence of
different concentrations of the essential oil vapours on adult mortality was significant.
O. surinamensis was more susceptible than L. serricorne at the exposure time 24 h. In
the other study, fumigant toxicity of essential oils of Eucalyptus globulus Labill and
Lavandula stoechas L., grown in Iran, was demonstrated against L. serricorne and
R. dominica. Mortality increased as the exposure time and the dose of the essential oils
increased (Ebadollahi et al. 2010b). Strong insecticidal activity of essential oils from
Foeniculum vulgare Mill. and Satureja hortensis L. was indicated against Sitophilus
granarius L. and S. oryzae. LCsq values indicated that S. granarius was more suscepti-
ble than S. oryzae to essential oils at the exposure times 24 and 48 h (Ebadollahi 2011).
In the study of Ebadollahi et al. (2013), Agastache foeniculum essential oil caused high
mortality on 7. castaneum larvae with fumigation test. Study on the effect of this oil on
total carbohydrate, lipid and protein contents demonstrated that all of them were
decreased with increasing of concentrations. Furthermore, inhibition of esterase and
glutathione-S-transferase activities was also observed.

As part of our ongoing research on natural insecticides from the flora of Iran, the
aim of this study was to evaluate the repellent efficacy of Palizin® as a commercial
plant origin material by three bioassay methods against five mentioned stored-product
insect pests. This approach will allow us to identify natural and safer agents for the
development of bio-rational insecticides to manage these coleopteran insect pests.

2. Materials and methods
2.1. Insect rearing

All experimental tests were conducted on 7 + 2-day-old adults of S. oryzae,
T. castaneum, R. dominica, O. surinamensis and L. serricorne under 25 + 2 °C and 65
+5% relative humidity (r. h.) and 10:14 h light: dark photoperiod. The adults of both
sexes were obtained from the stock culture of long-established laboratory colonies kept
in the section of stored-products insects’ rearing room of the Entomology Department
of Tehran University. Test insects were reared in soft non-infested wheat at 14% m.c.
(S. oryzae), whole meal wheat flour plus 5% brewer’s yeast (19:1) (R. dominica),
ground wheat enriched with glycerin and yeast (7. castaneum and O. surinamensis) and
whole-wheat flour with 5% yeast (L. serricorne) (Childs & Overby 1983; Ogendo et al.
2008) in the plastic boxes (20 %25 x 15cm) covered by a lid with a plastic mesh to
circulate air. Adults were removed and transferred to another box with new seeds or
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flour, every seven days. In this way, adults were obtained in the next generations from
each box with similar age (£7 days). These adults were used in bioassays (Cosimi et al.
2009).

2.2. Coconut Soap (Palizin®)

This coconut soap was provided as commercial product formulised by Kimia Sabzavar
Company with active ingredient 65% and soluble liquid. The commercial properties
included: common name: coconut soap, trade name: Palizin® and application group:
insecticidal and miticidal soap. Distilled water was utilised for diluting gel and prepar-
ing 0.5,1, 5 and 10% concentrations.

2.3. Repellent activity

Four concentrations of 0.5, 1, 5 and 10% of Palizin® were prepared. The distilled water
was used as a solvent. In each bioassay, percentage repellency (PR) was recorded after
exposure. The amount of concentrations and times for checking the susceptibility of
each insect to Palizin® were determined by pretest. All bioassays were carried out in the
dark incubators at 28-30 °C and 70-80% relative humidity (r. h.). The beetles were
regarded dead when the legs or antenna were found immobile when prodded with a
pencil. The repellent action of the Palizin® against the insects was evaluated by three
methods.

2.3.1. Petri-dish bioassay technique or filter paper method

The Petri dish chamber test was used to determine the repellency of Palizin® to the
insects according to Caballero-Gallardo et al. (2012). This experimental was used a
no-choice bioassay system to measure repellency of the four concentrations of Palizin®.
Per different treatment of each concentration, a volume of 1 cc was uniformly put on a
half filter paper disc (Whatman No. 1, 12 cm diameter) with a pipette. The other half
filter paper disc was impregnated with distilled water as a positive control, utilising the
same experimental condition. The halves were air-dried for 20 min to remove the
solvent, reattached with adhesive tape and held onto glass Petri dishes. Ten unsexed
adults were put into each Petri dish at the centre, and the lid was sealed within place
with Para film. Ten replicates were used for each tested concentration so that 100 adults
were assayed per concentration. The test was carried out under the same conditions
described for the rearing. The numbers of adults on the two half paper discs were
counted after 12, 24, 48 and 72 h exposure.

2.3.2.  Y-shape olfactometer tube bioassay technique

The Y-shape olfactometer was assembled by three linked glass tubes (10 cm long, 1 cm
diameter) which were an opening to facilitate the air circulation in the olfactometer
(Paranagama et al. 2004). At the crossing of three arms there is a pump to circulate air
through each arm of the Y-tube olfactometer at a rate of 1 L/min. Two perforated plastic,
transparent, wide-mouthed bottles (250 ml) were connected with the terminal of two
arms which were used to introduce insects and the other arm of the olfactometer was
connected with vacuum pump. Two Whatman No. 1 filter papers (2.5cm x 2.5cm)
were saturated with 1 cc of Palizin® as treatment and the other with an equal amount of
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distilled water as a control. After air-drying for 10 min, the filter papers were hung by
wires in the middle of the bottles separately. To start the bioassay, the olfactometer was
placed horizontally on a white background in daylight by turning on vacuum pump and
conducting 10 test insects into the olfactometer. The numbers of beetles which
motivated into Palizin® and distilled water treated bottles were recorded within 1, 2, 4,
8, 12 and 24 h. This technique with four doses of Palizin® was replicated 10 times.

2.3.3.  Cup bioassay technique

According to Mohan and Fields (2002), movement of insects in the treated grains
revealed the interaction between repellent and attractant abilities. It is worth mentioning
that this technique was a simple and rapid mimic of storage conditions. The cup
bioassay was conducted in two disposable cups in which the perforated opaque cup (7
cm diameter X 10 cm high) containing crop was sprayed with the concentration and
transparent cup (7 cm diameter X 9 cm high) was used to count the insects. The opaque
cup, with a mesh bottom which just passed the insects through their pores and a lid to
prevent the escape of flying insects, was put above the transparent cup, tightly. The
insects that left through the sides were trapped in a Petri dish below the cup. The crops
(200 g) were sprayed with different concentrations (0.5, 1, 5 and 10%) of Palizin® and
by distilled water as control treatment. After air-drying for 10 min, ten unsexed adults
were released from the centre of the crop mass in the container through a long-stemmed
funnel. In comparative surveying, the number of insects leaving the treated grain with
control treatments showed potential repellents. All experiments were run at 25 + 1 °C,
75 +£10% relative humidity (r.h.). The repellency was determined in terms of the adults’
runaway reaction rate from the treatment container. The number of trapped insects was
counted at four different intervals (12, 24, 48 and 72 h) after the introduction of the
adults. There were 10 replicates per treatment. Juliana and Su (1983) described a com-
fortable classification for mean repellency value that calculated the PR of compounds
from 0 to V; class 0 (PR = 0.1%), class I (PR = 0.1-20%), class II (PR = 20.1-40%),
class IIT (PR = 40.1-60%), class IV (PR = 60.1-80%) and class V (PR = 80.1-100%).

2.4. Data analysis

Because PR data were percentage value, we are using arcsine transforming (Arcsinvx).
PR data were analysed using the variance with ANOVA and checked by Turkey’s test
in SPSS software at completely randomised design using factorial arrangements of
treatments (10 replicates in each treatment).

3. Results
3.1. Petri-dish bioassay technique or filter papers methods

The repellent activity of tested concentrations of Palizin® on each insect species is
shown in Tables 1 and 2. In this technique, the highest repellent activity for insects at
all intervals assayed belonged to 10% concentration. However, for R. dominica, the
maximum repellency reaction was recorded at 5% and after 48 h. In the case of
T castaneum and O. surinamensis, after 72 and 48 (h) respectively, no significant differ-
ence was found even at different concentrations (Table 2). Among five beetles, adults
of O. surinamensis had most potential repellency to Palizin® (65.36-84.07). Adults of
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Table 1. Variance analysis of the repellency of Palizin® in the filter paper technique.

Insect Time df F P value
L. serricorne 72 3 3.19 0.035
48 3 14.13 0.018
24 3 4.26 0.011
12 3 18.56 0.025
R. dominica 72 3 6.39 0.001
48 3 13.55 0.002
24 3 16.97 0.023
12 3 14.68 0.0001
O. surinamensis 72 3 5.49 0.003
48 3 0.918 ns
24 3 3.10 0.038
12 3 13.65 0.0001
T castaneum 72 3 0.80 0.003
48 3 3.02 ns
24 3 2.66 0.038
12 3 3.85 0.0001
S. oryzae 72 3 2.25 0.098
48 3 2.16 0.109
24 3 1.40 0.258
12 3 19.76 0.0001

ns = non significant.

Table 2. Results of repellency tests undertaken with Petri dishes technique.

Mean repellency (%)*

Insect Concentration (%) 12 h 24 h 48 h 72 h
S. oryzae 0.5 () 52.22° (1) 55.32° (1) 58.21°  (IV) 60.44°
1 (D) 54.31%  (I0) 59.54°  (IV) 62.31°  (IV) 70.38°
(1D 60.35°  (IV) 68.23%  (IV) 78.36°  (IV) 75.78°
10 (V) 71.28*  (IV) 75.25° (V) 80.41* (V) 82217
T castaneum 0.5 (IV) 63.37°  (IV) 62.77°  (IV) 64.03°  (IV) 67.03™
1 (IV) 65.88°  (IV) 66.02°® (IV) 70.25%® (IV) 71.4"
(IV) 66.54°  (IV) 71.25®° (IV) 70.41®* (IV) 68.62™
10 (IV) 78.06*  (IV) 78.06*  (IV) 78.87°  (IV) 75.61™
O. surinamensis 0.5 (IV) 65.36°  (IV) 68.62°  (IV) 73.22™ (IV) 70.77°
1 (V) 67.65°  (IV) 73.10° (IV) 78.87™ (IV) 68.62°
5 (IV) 72.24°  (IV) 77.08®° (IV) 74.63™ (IV) 71.72°
10 (V) 85.86% (V) 82.28* (V) 80.49™ (V) 84.07°
R. dominica 0.5 (1) 55.88°  (Il) 55.71° (IV) 62.21°  (1V) 62.61°
1 (IV) 61.59°%°  (IV) 64.55°  (IV) 68.31°  (IV) 66.83°
5 (IV) 66.02°  (IV) 69.94°° (IV) 76.92*  (IV) 74.49°
10 (IV) 77.08*  (IV) 74.30°  (Il) 58.52°  (IV) 76.92°
L. serricorne 0.5 (1) 53.89°  (III) 56.31°  (IV) 60.99b  (III) 59.87°
1 (IIT) 58.25°  (Ill) 59.66°  (IV) 67.76a  (IV) 71.22°
5 (IV) 60.33°  (IV) 61.86™ (IV) 66.83a  (IV) 69.08%°
10 (IV) 72.53*  (IV) 67.00° (IV) 69.12a  (IV) 72.70°

“The original data were transformed into arcsine square-root percentage values before ANOVA tests.
Classification for mean repellence values are shown in the parenthesis. Different letters indicate significant
differences according to Tukey test at p = 0.05. Columns with the same letter are not significantly different.
The means for the water controls are nil or small and these values were not included in the calculation of these
mean values.
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R. dominica (at 12 and 24 h) and L. serricorne (at 12 h) indicated that the highest
repellency rate related to increasing of concentrations.

3.2. Y-shape olfactometer tube bioassay technique

Repellency results of adults differed significantly among the four treatment concentra-
tions per exposure period (Table 3). There was a significant relationship between
concentration and PR, just like above (Table 4). However, this bioassay method
expressed closer significant (P < 0.05) relationship between dose and repellent effect of
all of the beetle species. For example, S. oryzae were exposed for 4 h or L. serricorne
for 8 and 12 h. The maximum and minimum repellencies among the tested species were
observed with L. serricorne (53.78-85.86) and S. oryzae (24.32-59.61).

3.3. Cup bioassay

The results achieved with cup bioassay were overlapped by the two methods mentioned
above. The means of PR monotonically showed a significant relation with concentration
(Table 5). According to Table 6, T. castaneum was the best for the evaluation of PR
because of its maximum movement rate (40.28-56.93 at dose: 10%, 12-72 h). In

Table 3. Results of repellency tests undertaken with Y-shape olfactometer tube bioassay technique.

Mean repellency (%)

Insect Concentration (%) 2 4 8 12 24
S. oryzae 0.5 (I1) 28.92° (II) 28.39¢ (II) 29.84° (II) 26.79° (II) 24.32°
1 (III) 41.73% (1) 36.23° (II) 32.21° (II) 31.95° (II) 28.40°
(II1) 47.90° (III) 44.68° (III) 41.74° (III) 40.56° (II) 34.39°
10 (II) 56.70° (III) 59.61* (III) 54.11* (III) 47.50° (III) 43.85°
T astaneum 0.5 (IV) 60.37° (IV) 63.00° (IV) 62.91° (IV) 60.25° (III) 58.07°
1 (IV) 64.84° (IV) 68.46% (IV) 68.08% (IV) 64.12° (IV) 62.70°
(IV) 70.38 (IV) 71.79° (IV) 69.36° (IV) 67.66® (IV) 71.83°
10 (IV) 73.89* (IV) 74.24* (IV) 71.10° (IV) 70.20* (IV) 73.78°
O. surinamensis 0.5 (II]) 44.74° (III) 46.44° (II1) 45.30° (III) 40.90° (II) 35.86°
1 (II) 51.76" (IIT) 47.90° (II1) 45.86° (III) 42.09° (II) 37.66°
5 (1) 58.37%° (III) 54.45% (I1I) 50.58 (III) 48.78* (III) 42.41°°
10 (IV) 61.65* (III) 54.99° (III) 54.29° (IIl) 52.54* (III) 45.86°
R. dominica 0.5 (1) 59.8°  (IV) 61.20° (IV) 60.90° (IV) 62.47° (IV) 60.58"
1 (IV) 65.79° (1V)64.28% (IV) 66.00° (IV) 65.74° (IV) 62.10°
5 (IV) 70.05% (IV) 67.27° (IV)69.38%° (IV) 66.19° (IV) 62.56°
10 (IV) 72.66* (IV) 72.49° (IV) 72.78* (IV) 71.52* (IV) 67.33°
L. serricorne 0.5 (1) 55.20° (IIT) 53.87° (III) 56.38% (III) 55.78¢ (III) 55.80°
1 (IV) 62.92° (IV) 61.65° (IV) 63.73° (IV) 62.92° (IIl) 55.71¢
5 (IV) 67.66° (IV) 68.17° (IV) 73.35° (IV) 73.35° (IV) 71.89°
10 (V) 84.07* (V) 85.86* (V) 85.86* (V) 84.07* (V) 82.28?

“The original data were transformed into arcsine square root percentage values before ANOVA tests.
Classification for mean repellency values are shown in the parenthesis. Different letters indicate significant
differences according to Tukey test at p = 0.05. Columns with the same letter are not significantly different.
The means for the water controls are nil or small and these values were not included in the calculation of these
mean values.
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Table 4. Variance analysis of the repellency of Palizin® in the olfactometer technique.

Insect Time df F P value
L. serricorne 24 3 27.02 0.001
12 3 38.87 0.001
8 3 45.20 0.001
4 3 33.00 0.001
2 3 29.10 0.001
R. dominica 24 3 6.34 0.001
12 3 5.42 0.003
8 3 11.61 0.001
4 3 18.31 0.001
2 3 26.98 0.001
O. surinamensis 24 3 7.34 0.001
12 3 8.19 0.001
8 3 5.71 0.002
4 3 3.58 0.017
2 3 5.56 0.003
T. castaneum 24 3 8.19 0.001
12 3 2.69 0.006
8 3 3.87 0.018
4 3 6.05 0.001
2 3 7.66 0.001
S. oryzae 24 3 35.26 0.001
12 3 15.14 0.001
8 3 27.87 0.001
4 3 36.84 0.001
2 3 27.21 0.001

ns = non significant.

Table 5. Variance analysis of the repellency of Palizin® in the cup bioassays technique.

Insect Time df F P value
L. serricorne 72 4 10.46 0.0001
48 4 18.33 0.0001
24 4 23.70 0.0001
12 4 31.84 0.0001
R. dominica 72 4 1.87 0.0001
48 4 0911 0.0001
24 4 5.26 0.0001
12 4 6.44 0.0001
O. surinamensis 72 4 11.42 0.0001
48 4 12.95 0.0001
24 4 5.94 0.0001
12 4 9.871 0.0001
T castaneum 72 4 9.87 0.0001
48 4 10.91 0.0001
24 4 24.18 0.0001
12 4 24.18 0.0001
S. oryzae 72 4 23.97 0.0001
48 4 23.31 0.0001
24 4 18.37 0.0001
12 4 16.67 0.0001

ns = non significant.
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Table 6. Results of repellency tests undertaken with Cub bioassay technique.

Mean repellency (%)*

Insect Concentration (%) 12 24 48 72
S. oryzae 0 (Control) () 13.08° 0 9.50%¢ (1) 16.65" (1) 9.50°
0.5 (1) 2.35¢ (D 4.14¢ D 5.93¢ o 7.71°
1 (D 16.18% (1) 17.3* (I) 10.32¢¢ (@ 9.50°
5 (11) 22.04° (D 19.90° (1) 19.09° (1) 23.17°
10 () 32.36° () 35.21* (1) 41.49* (1) 36.71°
T castaneum 0 (D 14.70° (1) 15.68¢ (1 10.32¢ D 12.92°
0.5 () 13.37° (1) 31.00°  (II) 29.17° 1) 12.33°
1 (1) 23.60° (1) 37.20°°  (II) 28.63° (D 16.99°
5 (11) 37.8° (1) 44.49°  (III) 42.98°  (II) 37.69°
10 (1) 56.03* (1) 56.93*  (II) 51.33*  (III) 40.28*
O. surinamensis 0 (1) 13.08° (D 11.29°¢ () 13.085 (D) 14.87°
v Q15 1M Das® (4
5 (1) 22.19° (1) 20.57°  (1I) 22.85% 1) 15.50°
10 (1) 33.69° () 29.01*  (I[) 29.67*  (II) 20.57°
R. dominica 0 (@ 11.29° (I 5.93° () 9.50° (@ 9.50¢
0.5 (1) 12.92° (1) 12.92° (1) 16.49° 1) 12.92°
1 @ 19.09° (1) 19.09® (1) 14.7° @) 16.99°
5 (I1) 28.41% (D 17.30°® (1) 13.56° (D) 16.49°
10 () 25.97°° (W) 24.27° @ 17.30° (1) 22.33°
L. serricorne 0 D 11.29¢ (1) 13.08° {0 7.71¢ {0 7.71°
0.5 (@) 19.90° (1) 14.87° (1) 19.09° (1) 15.52°
1 () 27.60° (1) 29.07° (1) 25.14> (1) 24.32°
5 () 31.61° () 27.60°  (I) 27.60°  (II) 28.86"
10 (D) 45.60° (1) 37.89° (1) 36.65*  (II) 30.62*

“The original data were transformed into arcsine square root percentage values before ANOVA tests.
Classification for mean repellency values are shown in the parenthesis. Different letters indicate significant
differences according to Tukey test at p = 0.05. Columns with the same letter are not significantly different.

contrast, R. dominica was slightly reacted to volatile components of Palizin® for low
repellency rate (17.30-25.97 at dose 10%, 12—72 h). In this method, a moderate level
of repellency was computed for all insect pests.

4. Discussion

By filtering paper method, Nerio et al. (2009) estimated PR of Sitophilus zeamais
36 £ 16, 58 + 12, 86 = 5 and 91 +3% for doses 0.063, 0.126, 0.252 and 0.503 ul/cm2
and Tapondjou et al. (2005) calculated the PR of the volatile oil from Eucalyptus
saligna on S. zeamais (73 £15%) and T. confusum (98 £4%) as similar as our finding
in Table 2. Dose-response was stronger than recent data because it depends on several
factors among which are the chemical composition, insect susceptibility, difference on
pest specie, dose or condition (Casida 1990). Mentioned authors utilised Acetone for
diluting and treatment control (whereas present research diluted with distilled water) and
can argue the main reason of differences. Olivero-Verbel et al. (2010) described that this
activity had a small tendency to decrease, gradually degrade with an increase in
exposure time (2—4 h), whereas our finding demonstrated increasing rates, except Cup
bioassay. The most notable reason of phenomena is evaporation pick which happened
early exposure duration (1-2). Ryan and Byrne (1988) suggested that the toxic effect
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may be attributed to reversible competitive inhibition of acetyl cholinesterase by
occupation of the hydrophobic site of the enzyme’s active centre. One of the volatile
components was established treatment and the control in common filter paper tests was
acetone, which was acting as a carrier agent of the active ingredient. But in the present
experiment, distilled water played the role of stabiliser: absorbed active ingredients onto
the filter paper, and switched the severe and immediate effects to gradual. Many repel-
lency tests were conducted with filter paper, which does not mimic the grain storage
conditions because the interaction of the active ingredients of paper and crop surface is
contrary. Beetles orient to odours only after initiation of flight, and an important disad-
vantage of Y-shape olfactometer tube is the inadequate space to fly(Louise et al. 1983).
In the cup bioassay tests, where repellency is due mainly to the volatile component of
Palizin®, is simulating real condition complexes of repellent activity, crop and pest
behaviour.

In conclusion, the application of Palizin® is not particularly dangerous to
storekeepers since they are commonly used. Washing and cooking eliminate residual in
grocery. The results from the study suggested that Palizin® has noticeable repellent
properties and could be considered for integration with other effective control options in
the stored-product management.
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