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Abstract: The Indian meal moth, Plodia interpunctella, poses a significant threat to global agricultural
products. Although pheromone-based technologies show promise for P. interpunctella management,
limitations such as single-sex targeting necessitate exploring complementary strategies. Vegetable-
based oils represent a potential alternative but their efficacy, sex-specificity, and interaction with
sex pheromones remain unclear. To address these questions, we first examined the attraction of
P. interpunctella female and male adults to 10 commercially available vegetable oils in semi-field
conditions. Sesame, olive, and blended oils were the most attractive, capturing significantly more
adults compared to other oils. We then evaluated the effectiveness of these three attractive oils
and their combinations with P. interpunctella sex pheromones in a grain warehouse. Traps baited
with these oils captured significantly more females and males compared to control traps without
attractants; however, the addition of sex pheromones did not improve male capture and significantly
reduced female capture, suggesting an inhibitory effect. Finally, we demonstrated that female mating
status (mated vs. virgin) did not influence the attractiveness of traps baited with these effective oils.
Our findings highlight the potential of standalone traps baited with blended, olive, or sesame oil as a
practical, economic, and effective management strategy for P. interpunctella in storage facilities.

Keywords: attractant; Plodia interpunctella; sex pheromone; storage pests; vegetable oil

1. Introduction

Ensuring global food security is a paramount challenge requiring efficient storage
and preservation practices. Stored product pests, particularly insects, cause significant
quantitative and qualitative losses in stored grains, diminishing their economic value [1,2].
The Indian meal moth, Plodia interpunctella (Hübner) (Lepidoptera: Pyralidae), is a major
polyphagous pest damaging stored grains and processed agricultural products world-
wide [3], with reports of emergence even on the Antarctic Peninsula [4,5]. It has been
reported that P. interpunctella causes damage to many stored products, including herbs,
legumes, dried fruits, nuts, cereals, powdered milk, chocolate, birdseed, and dry pet
food [6–8].

Infestations by P. interpunctella have substantial economic consequences due to direct
product loss, pest control costs, and consumer complaints arising from product contamina-
tion. Larval feeding and the resulting production of silk and frass (insect excrement) are
the primary causes of damage. This degrades the product quality, promotes fungal growth,
and ultimately leads to spoilage [9]. Contaminated products become intermixed with insect
remains and waste products, significantly reducing their germination rate, nutritional value,
and overall safety. This has translated to substantial economic losses in the United States,
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China, and many European countries [10,11]. Furthermore, P. interpunctella can potentially
serve as a vector for various pathogens, including bacteria, viruses, fungi, protozoa, and
helminths, and has been linked to human allergies such as asthma and skin diseases [12].
Its generalist feeding habits, diverse diet, and high capacity to damage food products have
demonstrated its status as a globally recognised pest of significant concern [3,11].

Management of P. interpunctella infestations relies on various tactics, including irra-
diation [13], application of diatomaceous earth and fungal pathogens [14], insect growth
regulators [15], and fogging [16]. Fumigation [17], the introduction of parasitoid wasps [18],
extreme temperature treatments [19,20], and pheromone-based approaches have also been
employed [21]. The major components of the sex pheromones of female P. interpunctella are
(Z,E)-9,12-tetradecadienyl acetate (Z9,E12–14:OAc) and (Z,E)-9,12-tetradecadienol (Z9,E12–
14:OH) [22–24], with the highest trapping efficacy at a 7:3 ratio at a 0.5 mg dose [25].
Pheromone-based technologies like monitoring traps, mass trapping, and mating disrup-
tion show promise for P. interpunctella management [26–30]. However, due to limitations
like single-sex targeting and low catch rates [3,8,26], it is necessary to explore the integration
of pheromones with other approaches, such as food-based attractants [31–33], to improve
the efficacy of pest management.

Insects may show specific behavioural responses to various olfactory cues from their
social environments [34–41], providing a foundation for the development of insect trapping
methods that employ pheromones and/or food-based materials as the attractants [42].
Food-derived volatile compounds can be particularly attractive to stored-product pest
insects. For example, Storgard Oil—a blended vegetable-based oil with a proprietary com-
position [43]—has been shown to broadly attract stored-product pest insects, including the
red flour beetle Tribolium castaneum, hairy fungus beetle Typhaea stercorea, rusty grain beetle
Cryptolestes ferrugineus, sawtoothed grain beetle Oryzaephilus surinamensis, and the cigarette
beetle Lasioderma serricorne [43–45]. Recent research has also shown that P. interpunctella
is attracted to traps baited with Storgard Oil [46]. Furthermore, Nansen and Phillips [47]
investigated the ovipositional preferences of P. interpunctella on wheat kernels treated with
18 different commercially available oils, and found that females exhibit a preference for
walnut oil. These findings highlight the potential of vegetable-based oils as attractant lures
for P. interpunctella.

However, several important questions regarding the attraction of P. interpunctella to
vegetable-based oils remain unanswered: (1) Can a single, commercially available vegetable-
based oil effectively attract both female and male adults of P. interpunctella? (2) Would the
combination of blended oils or integration of vegetable oils with sex pheromones enhance the
attractancy? (3) Do male and female adults of P. interpunctella exhibit sex-specific responses to
vegetable oil attractants? (4) Does the mating status (mated vs. virgin) of females influence
their responses to vegetable oil attractants? This study aims to address these knowledge
gaps by conducting three experiments under different environmental conditions. Firstly,
a semi-field experiment assessed the attraction of P. interpunctella females and males to
traps baited with 10 commercially available vegetable oils, including camellia, corn, olive,
peanut, rapeseed, sesame, soybean, sunflower seed, walnut, and a blended oil (a mixture of
sunflower seed, rapeseed, soybean, peanut, and sesame oils). Secondly, a field experiment
investigated the attractancy of traps baited with the most effective oils identified in the semi-
field experiment, both alone and in combination with sex pheromones. Finally, a semi-field
experiment examined the effects of female mating status (mated vs. virgin) on the attractancy
of traps baited with the effective oils determined in the field experiment. The knowledge
from this study provides insights into the development of novel, environment-friendly, and
cost-effective monitoring and trapping tools for the management of P. interpunctella.

2. Materials and Methods
2.1. Insects and Test Oils

We collected hundreds of P. interpunctella adults from the Zhoushan Reserve and
Transit Grain Depot in Zhejiang Province and reared the resulting larvae in transparent
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plastic boxes (26.0 cm length × 20.0 cm width × 12.5 cm height), with pinholes in the
lids for ventilation. Each box housed 400 larvae on 100 g standard diet consisting of bran
middlings, glycerol, and yeast in a 10:1:1 ratio [48]. We maintained the colony at 25 ± 1 ◦C
and 60 ± 10% RH with a photoperiod of 16 h light and 8 h dark.

For this study, 10 commercially available vegetable oils were used. The sources of
these oils are as follows: pure camellia oil (Lu Hua, Shandong Luhua Group Co., Ltd.,
Zhoukou, China); pure corn oil (Jin Long Yu, Yihai Kerry Arawana Holdings Co., Ltd.,
Hangzhou, China); extra-virgin olive oil (Olivolià, Yihai Kerry Arawana Holdings Co.,
Ltd., imported from Spain, Shanghai, China); pure peanut oil (Lu Hua, Shandong Luhua
Group Co., Ltd., Suzhou, China); pure rapeseed oil (Lu Hua, Shandong Luhua Group Co.,
Ltd., Zhoukou, China); pure sesame oil (Chu Bang, Guangdong Meiweixian Flavoring
Foods Co., Ltd., Zhongshan, China); pure soybean oil (Jin Long Yu, Yihai Kerry Arawana
Holdings Co., Ltd., Taizhou, China); pure sunflower seed oil (Lu Hua, Shandong Luhua
Group Co., Ltd., Changshu, China); walnut oil (Dao Zi Shu Le, Shanghai Dao Zi Shu Le
Trading Co., Ltd., Jian, China); and a blended oil (Jin Long Yu, a mixture of sunflower
seed, rapeseed, soybean, peanut, and sesame oils with an undisclosed ratio, Yihai Kerry
Arawana Holdings Co., Ltd., Hangzhou, China).

2.2. Semi-Field Experiment I

The semi-field experiment I was conducted in July 2017 in a controlled-environment
room (5.0 m length × 5.0 m width × 3.5 m height) located at the Zhoushan Reserve
and Transit Grain Depot. The environmental conditions were the same as those for the
laboratory-reared culture. Thirty minutes before the scotophase, we prepared oil baits
by mixing 50 mL of each test oil with 75 mL of n-hexane (ACS analytical grade, 98%;
Sinopharm Chemical Reagent Co., Ltd., Shanghai, China). These oil baits were then applied
to traps (i.e., insect sticky boards, 50.0 cm length × 20.0 cm width) using artistic flat painting
brushes. A trap coated with 125 mL of hexane solvent only was used as the control.

Eleven traps were numbered and randomly allocated along a loop shape with a radius
of approximately 2 m from the moth releasing point (a platform) at the centre of the room
(Figure 1). The traps and releasing point were suspended 1.5 m above the floor, with a
trap interval of approximately 3 m. Ten minutes before the scotophase, 30 female and
30 male adults (1–3 days old) randomly collected from the colony were placed on the
releasing point. Moths were released immediately after the lights were turned off, and
the room was secured. To mitigate the potential effect of trap location on attractiveness,
the traps were rotated clockwise every 8 h over the subsequent 6 days, ensuring each
trap occupied every position within the loop at least once. The number of trapped adult
moths was recorded at the end of the experiment and their sex was identified based on
morphological characteristics [3]. The experiment was replicated three times, with the
room fully ventilated between each replication to eliminate any residual odours.
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2.3. Field Experiment

Based on the high attractiveness of sesame, olive, and blended oils observed in the
semi-field experiment I, we conducted a field experiment to investigate potential additive
effects of combining these oils with the P. interpunctella sex pheromone lure.

We prepared the oil baits as described above and applied them to triangular prism
sticky traps (20 cm long, side length 8 cm; Pherobio Technology Co., Ltd., Beijing, China;
Figure 2). In the combination traps, a female sex pheromone lure containing a 0.5 mg
mixture (7:3 ratio) of Z9,E12–14:OAc and Z9,E12-14:OH compounds [25] (Shin-Etsu Chem-
ical Co., Ltd., Tokyo, Japan) was placed in the centre button of the trap. This resulted
in 8 trap treatments: (1) olive oil only, (2) olive oil with sex pheromones, (3) sesame oil
only, (4) sesame oil with sex pheromones, (5) blended oil only, (6) blended oil with sex
pheromones, (7) sex pheromones only, and (8) control (no oil or sex pheromones). Each
trap treatment was replicated four times, totalling thirty-two traps.
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This experiment was carried out in August 2017 within a warehouse (100.0 m length
× 150.0 m width × 12.0 m height) at the Zhoushan Reserve and Transit Grain Depot. The
warehouse contained various grain seeds heavily infested by P. interpunctella. Ventilation
was adjusted according to weather conditions. Traps were randomly distributed as shown
in Figure 2. They were suspended 1.5 m above the floor and rotated in order every 8 h
over 12 days, ensuring each trap occupied each of the 32 positions at least once. At the
end of the experiment, the number of trapped moths was recorded and females and males
were identified.

2.4. Semi-Field Experiment II

To assess whether the mating status of females influences their attraction to effective
oil traps observed in the field experiment, the semi-field experiment II was conducted in
July 2024 in controlled environmental rooms (4.5 m length × 4.0 m width × 3.5 m height)
at the Zhejiang Agriculture and Forestry University. The environmental conditions were
consistent with those of the semi-field experiment I. Female pupae of P. interpunctella were
individually housed in 2-millilitre Eppendorf tubes. Upon emergence, virgin females were
either mated to males or housed individually for the subsequent experiment.

Thirty minutes before the scotophase, we prepared 7 trap treatments as described
in the field experiment. These treatments included (1) olive oil only, (2) olive oil with
sex pheromones, (3) sesame oil only, (4) sesame oil with sex pheromones, (5) blended
oil only, (6) blended oil with sex pheromones, and (7) control (125 mL of hexane solvent
only). These traps were arranged in a loop similar to the setup in the semi-field experiment
I (Figure 1). Ten minutes before the scotophase, 15 mated females or 15 virgin females
(1–3 days old) were placed on the releasing point. We released the moths and secured the
rooms soon after the lights were turned off. The number of trapped females was counted
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and recorded at the onset of the photophase. The order of trap treatments was changed
between each replication to ensure each treatment occupied every position within the loop
at least once. The rooms were ventilated between each replication to eliminate any residual
odours. The experiment was repeated 15 times, conducted separately for mated females
and virgin females.

2.5. Statistical Analysis

All data were analysed using SAS version 9.13 software (SAS Institute, Cary, NC, USA)
with a significance level of α = 0.05. The raw data from the semi-field experiments I and II
and the natural-logarithm data [ln(x)] from the field experiment were normally distributed
(Shapiro–Wilk test, UNIVARIATE procedure). An analysis of variance (ANOVA) (GLM proce-
dure) was applied to compare the differences in the number of moths captured between the
different baits in the semi-field experiment I and the field experiment, with a least significant
difference (LSD) test for multiple comparisons. A paired t-test (TTEST procedure) was used to
compare the differences in the number of moths captured between sexes for a given trap type
in both semi-field and field experiments. For the semi-field experiment II, a two-way ANOVA
(GLM procedure) was conducted to examine the effects of the trap type and female mating
status (mated vs. virgin) on capture rate. An LSD test was used for multiple comparisons.

3. Results
3.1. Attractiveness of Vegetable Oils to P. interpunctella in Semi-Field Conditions

In semi-field conditions, the mean female recapture rates for traps baited with sesame,
olive, blended oil, sunflower, walnut, camellia, corn, rape, peanut, soybean, and the control
were 23.3%, 16.7%, 15.6%, 7.78%, 6.67%, 4.44%, 4.44%, 4.44%, 5.56%, 4.44%, and 4.44%,
respectively. The sesame oil trap captured significantly more female moths than the olive
and blended oil traps, with significantly fewer females captured by the other oils or the
control trap (F10,22 = 9.86, p < 0.0001) (Figure 3a).

Agriculture 2024, 14, x FOR PEER REVIEW  6  of  13 
 

 

and blended oil traps. The olive and blended oil traps captured significantly more adult 

moths  than  the sunflower and walnut oil  traps, with  the peanut and soybean oil  traps 

capturing significantly fewer moths (F10,22 = 31.32, p < 0.0001) (Figure 3c). There was no 

significant difference in the number of moths captured between sexes for all trap treat-

ments (t3 = 0–1.73, p > 0.05 for all comparisons). 

 

Figure 3. Mean (±SE) number of Plodia interpunctella females (a), males (b), and adults (c) captured 

on  sticky  traps  baited  with  10  commercially  available  vegetable  oils  in  semi-field  conditions. 

Blended refers to a mixture of sunflower seed, rapeseed, soybean, peanut, and sesame oils. The hor-

izontal line represents the mean number of trapped insects in all treatments. Each dot represents the 

capture number for a single replicate. Bars with different letters indicate statistically significant dif-

ferences between oil treatments (LSD test: p < 0.05). 

3.2. Combined Effects of Vegetable Oil and Sex Pheromone on P. interpunctella Captures in   

Field Conditions 

In the field, traps baited with blended, olive, and sesame oils captured significantly 

more female moths than all the other traps (F7,24 = 55.59, p < 0.0001); however, the addition 

of pheromones to these oils did not significantly increase the attraction to females com-

pared to the control (p > 0.05 for all comparisons) (Figure 4a). Traps baited with blended 

oil, olive oil, sesame oil, and pheromones alone captured significantly more males than 

the control (F7,24 = 19.19, p < 0.0001); however, the combination of these oils with phero-

mones did not significantly increase male captures compared to the oils or pheromones 

alone (p > 0.05 for all comparisons) (Figure 4b). 

Regardless of sex, the total number of moths captured was significantly higher in the 

blended, olive, and sesame oil traps. Although the addition of pheromones to these oils 

did not significantly increase the number of moths captured, they still captured signifi-

cantly more moths than the control (F7,24 = 50.89, p < 0.0001) (Figure 4c). Traps baited with 

blended, olive, or sesame oil captured a similar number of male and female moths (t3 = 

1.29–2.70, p > 0.05 for all comparisons), while traps baited with pheromones alone or in 

Figure 3. Mean (±SE) number of Plodia interpunctella females (a), males (b), and adults (c) captured
on sticky traps baited with 10 commercially available vegetable oils in semi-field conditions. Blended
refers to a mixture of sunflower seed, rapeseed, soybean, peanut, and sesame oils. The horizontal
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The mean male recapture rates for traps baited with sesame, olive, blended oil, sun-
flower, walnut, camellia, corn, rape, peanut, soybean, and the control were 14.4%, 13.3%,
11.1%, 7.78%, 7.78%, 7.78%, 6.67%, 6.67%, 3.33%, 4.44%, and 7.78%, respectively. The
sesame, olive, and blended oil traps captured significantly more male moths compared to
the peanut oil trap (F10,22 = 2.38, p = 0.0429) (Figure 3b).

The mean total recapture rates for traps baited with the sesame, olive, blended, sun-
flower, walnut, camellia, corn, rape, peanut, soybean, and the control were 18.9%, 15.0%,
13.3%, 7.78%, 7.22%, 6.11%, 5.56%, 5.56%, 4.44%, 4.44%, and 6.11%, respectively. Overall,
the sesame oil trap was significantly more effective in attracting adult moths than the olive
and blended oil traps. The olive and blended oil traps captured significantly more adult
moths than the sunflower and walnut oil traps, with the peanut and soybean oil traps
capturing significantly fewer moths (F10,22 = 31.32, p < 0.0001) (Figure 3c). There was no
significant difference in the number of moths captured between sexes for all trap treatments
(t3 = 0–1.73, p > 0.05 for all comparisons).

3.2. Combined Effects of Vegetable Oil and Sex Pheromone on P. interpunctella Captures
in Field Conditions

In the field, traps baited with blended, olive, and sesame oils captured significantly
more female moths than all the other traps (F7,24 = 55.59, p < 0.0001); however, the addition
of pheromones to these oils did not significantly increase the attraction to females compared
to the control (p > 0.05 for all comparisons) (Figure 4a). Traps baited with blended oil, olive
oil, sesame oil, and pheromones alone captured significantly more males than the control
(F7,24 = 19.19, p < 0.0001); however, the combination of these oils with pheromones did not
significantly increase male captures compared to the oils or pheromones alone (p > 0.05 for
all comparisons) (Figure 4b).
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Blended refers to a mixture of sunflower seed, rapeseed, soybean, peanut, and sesame oils. The
horizontal line represents the mean number of captured insects in all treatments. Each dot represents
the capture number for a single replicate. Bars with different letters indicate statistically significant
differences between traps (LSD test: p < 0.05).

Regardless of sex, the total number of moths captured was significantly higher in
the blended, olive, and sesame oil traps. Although the addition of pheromones to these
oils did not significantly increase the number of moths captured, they still captured sig-
nificantly more moths than the control (F7,24 = 50.89, p < 0.0001) (Figure 4c). Traps baited
with blended, olive, or sesame oil captured a similar number of male and female moths
(t3 = 1.29–2.70, p > 0.05 for all comparisons), while traps baited with pheromones alone or
in combination with blended, olive, or sesame oils captured significantly more males than
females (t3 = 6.59–13.66, p < 0.05 for all comparisons) (Figure 4a,b).

3.3. Effects of Mating Status of P. interpunctella Females on Captures in Semi-Field Conditions

The mean female recapture rates for traps baited with blended oil, sesame, olive,
blended oil with sex pheromones, sesame with sex pheromones, olive with sex pheromones,
and the control were 18.7%, 18.2%, 17.3%, 0%, 0%, 0%, and 0%, respectively, for mated
females, and 19.1%, 16.4%, 18.7%, 0%, 0%, 0%, and 0%, respectively, for virgin females. The
number of females captured in traps did not differ significantly between mating statuses
(p > 0.05 for all comparisons) (Figure 5). However, traps baited with blended, sesame, and
olive oils captured significantly more females than those with additional sex pheromones
or the control (F13,196 = 40.66, p < 0.0001) (Figure 5).
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interpunctella females captured by traps baited with vegetable oil alone and combinations of vegetable
oils with pheromone. Blended refers to a mixture of sunflower seed, rapeseed, soybean, peanut, and
sesame oils. For each box plot, the lower and upper box lines indicate 25% and 75% of scores falling
beyond the lower and upper quartiles, respectively; the line and “×” show the median score and
means, respectively; the “⊥” and “⊤” are the lower and upper whiskers representing scores outside
the 50% middle; the circles are the outliers of maximum scores. Boxes with different letters denote
significant differences between each other (LSD test: p < 0.05).
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4. Discussion

This study investigated the olfactory attraction of P. interpunctella adults to various
commercially available vegetable oils under semi-field and field conditions. Our findings
reveal that commercially available olive, sesame, and blended oils (a mixture of sunflower
seed, rapeseed, soybean, peanut, and sesame oils) effectively attracted both male and
female adults of P. interpunctella (Figures 3 and 4). This delivers the first empirical evidence
that P. interpunctella attraction to vegetable-based oils is not sex-specific, as previous work
by Morrison et al. [46] only implies such attraction to traps baited with Storgard Oil—a
vegetable oil blend of undisclosed composition. Additionally, we demonstrate for the
first time that female mating status (mated vs. virgin) did not influence the attractiveness
of traps baited with these effective oils (Figure 5), further substantiating the potential of
vegetable-based oils for monitoring and managing P. interpunctella populations.

Volatile compounds within vegetable oils, particularly certain fatty acids, are likely
perceived as olfactory cues signalling potential food sources by stored-product pests [47,49],
explaining the observed attraction of both male and female P. interpunctella (in this study)
and various stored-product pest beetles [43–45]. Such behavioural responses may con-
fer significant fitness benefits. For females, attraction to food-related cues increases the
probability of locating suitable mating partners, oviposition sites, and resources for off-
spring development, ultimately enhancing reproductive success [47,50,51]. For males, these
responses increase the chance of encountering females, thereby optimising mating oppor-
tunities and reproductive success [52,53]. Therefore, exploiting these innate responses of
insect pests to food-source cues provides a foundation for developing food-based attractant
technologies for the effective monitoring and control of stored-product pests [42,54–56].

Combining pheromones with food cues (e.g., vegetable oils) is a common strategy to
enhance the efficacy of pheromone-based insect pest monitoring and trapping [31–33]. This
approach is expected to attract both sexes simultaneously [42]. However, our results show
that the addition of sex pheromones to the effective oil traps did not improve trapping
efficacy for P. interpunctella (Figures 4c and 5) but rather significantly reduced the capture
rate compared to that of the oil trap alone (Figures 4a and 5). This unexpected outcome
is likely attributed to the inhibitory effect of sex pheromones on female attraction. The
observed repellent effect on females suggests that P. interpunctella females were capable
of detecting their sex pheromones, a phenomenon known as autodetection [57,58]. While
Pérez-Aparicio et al. [59] report a lack of sex-pheromone-specific olfactory receptor neurons
in the Oriental fruit moth, Grapholita molesta—suggesting the absence of pheromone autode-
tection in this species—our findings (Figures 4a and 5), coupled with the strong electroan-
tennographic responses of P. interpunctella females to their sex pheromones (unpublished
data), and numerous demonstrated occurrences of autodetection in field and laboratory
studies (reviewed in [58]), suggest that pheromone autodetection is species-specific in
insects. Pheromone autodetection may serve various functions, including resource conser-
vation [60], enhanced mating success [61], reduced offspring competition [62], improved
offspring survival [63], and decreased predation risk [58,64].

Given the abundance of sensilla trichodea on adult male antennae in P. interpunctella [65]
and other moths [66]—which are responsible for sex pheromone detection—and their greater
number compared to sensilla basiconica, auricillica, and coeloconica involved in host loca-
tion [65], it is expected that male capture rates would be higher in pheromone traps compared
to those baited with other attractants. However, we show a similar capture rate for pheromone-
only and vegetable oil-only traps, with no enhancement in male capture when pheromones
were combined with vegetable oils (Figure 4b). While the exact reasons for these findings
remain elusive, differential sensitivities of these sensory structures to olfactory cues may be
a contributing factor which warrants further investigation. Although a direct comparison
of pheromone- and food-based attractant efficacies is challenging due to the complexities of
determining equivalent dosages [42], our results (Figures 4 and 5) support the practical and
economic advantages of deploying standalone traps baited with blended, olive, or sesame oils
for the management of P. interpunctella in storage facilities.
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Our findings regarding the attraction of sesame and blended oils to P. interpunctella
differed between semi-field and field conditions. In the semi-field experiment I, sesame oil
traps captured significantly more adults than the blended oil ones (Figure 3c); however, in
the field experiment, the blended oil traps captured a similar number of adults compared to
sesame oil ones (Figure 4c), suggesting an increased efficacy of blended oil in field environ-
ments. Field environments are inherently more complex compared to controlled semi-field
conditions. This complexity could modify the effects of specific volatile components in the
attractant lures. The representation of these volatiles can also be altered by factors such as
differences in experimental exposure time [38] and concentration [39]. Studies have shown
that the mixture of odours present in an environment can significantly impact insects’ abil-
ity to detect a specific odour because the background odour may alter the representation of
individual odours [39,67,68]. Riffell et al. [69] demonstrate that in the tobacco hornworm
Manduca sexta, background odours can influence the neuronal representation in the moth’s
central olfactory system, leading to either excitation or inhibition of its ability to track the
scent of the Datura wrightii flower bouquet. While the inconsistent pattern between sesame
and blended oils could also be partially explained by the low replicate number (three and
four in the semi-field experiment I and field experiment, respectively), the sample sizes
(180 and 1311, respectively) were sufficiently large and replicate the number aligned with
established practices [70]. Nonetheless, to establish a consistent pattern and draw definitive
conclusions, a more specific experiment with higher statistical power would be helpful.

Although P. interpunctella can infest a wide variety of stored goods, including the raw
materials of the tested blended oil [6–8], olives and olive oil are not typically reported as
susceptible commodities. Staff at the experimental site confirmed that the storage facilities
were primarily used to store dry forms (seeds) of the blended oil components and their by-
products, with minimal storage of olives or olive products. The attraction of P. interpunctella
to olive oil could be due to its structural similarity to the oxygenated compounds found in
other attractive oils (i.e., sesame and blended oils) or may represent a previously unknown
attractant encountered in certain environments. Furthermore, our field experiment did not
directly address the long-range orientation of P. interpunctella towards the test traps. It is
likely that moths were already present within or around the warehouse at the experiment’s
onset [10]. Nevertheless, the significantly higher capture rate in traps baited with blended,
sesame, or olive oils alone compared to pheromone or control traps (Figure 4c) suggests that
the volatile oil cues were perceivable at a long distance from the traps (Figure 2). Identifying
the specific attractant compounds within these effective vegetable oils through GC-MS
analysis would be crucial for understanding the synergistic or additional attractive role
sought when combining the oils with sex pheromones, as well as for developing long-range
bisexual attractants for monitoring and trapping P. interpunctella in storage facilities.

5. Conclusions

Our study highlights the potential of commercially available vegetable oils as attrac-
tants for both female and male adults of P. interpunctella. Identifying the specific attractant
compounds within these oils will help improve food-based monitoring and trapping tools
for this important stored-product pest. Additionally, investigating the unexpected repel-
lent effect of sex pheromones on females could lead to novel management strategies that
exploit autodetection behaviour for P. interpunctella control. Further research is needed to
address the long-range orientation of P. interpunctella towards vegetable-based attractants
and the underlying mechanisms influencing the observed responses. Overall, this study
contributes valuable insights into the olfactory cues influencing P. interpunctella behaviours,
providing novel knowledge for the development of safer and more efficient integrated pest
management strategies for stored-product pests.
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