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Susceptibility of different dried fruits to infestation by Plodia
interpunctella (Lepidoptera: Pyralidae) in laboratory conditions

Filip Vukajlovi¢!, Dragana Predojevi¢!, Sonja Gvozdenac?, Snezana Tanaskovié,
Vesna Perisi¢!, Ana Mitrovski Bogdanovi¢!, Snezana Pesi¢!
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Abstract: The aim of this study was to assess the susceptibility of nine dried fruit species (apple
chips, prunes, sour cherries, raspberries, blackberries, strawberries, chokeberries, goji berries
and figs) to be infested by Plodia interpunctella in laboratory conditions. Six dried fruit species
(prune, sour cherry, raspberry, blackberry, strawberry, and chokeberry) were resistant, while
dried goji and figs were moderately susceptible. Higher susceptibility was associated with
higher content of protein and fat in tested dried fruits, but also with lower content of total and
reducing sugars, as well as secondary metabolites, which indicates that these groups of
macronutrients potentially enhance its susceptibility.

Key words: Indian meal moth, dried fruits, index of susceptibility, susceptibility rating

Introduction

Indian meal moth, Plodia interpunctella (Lepidoptera: Pyralidae) is one of the most important
pest of dried fruits (Johnson et al., 2009), being a moth of a great importance for dried fruits
processors (Burks and Johnson, 2012). Its larvae feed on the fruit itself and cover it with
excrements and silk, making it unusable for human diet (Burks and Johnson, 2012).

Dried fruits have their own, natural susceptibility to infestation by different pests and it
depends on different factors, mainly on its nutritional quality and level of moisture. In general,
dried fruits contain a lot of sugars, commonly more than 30 % (Vukajlovi¢ et al., 2019). Also,
moisture level is usually high, more than 10 %. This makes dried fruits very appropriate for the
development of pests, especially P. interpunctella. On the other hand, proteins and fats are
found in very small amount in dried fruits, being these two macronutrients very important for
insect development. Therefore, we hypothesize that the amount and ratio of nutrients could be
an important factor that influences the susceptibility of dried fruits to the development of
P. interpunctella. Based on this hypothesis, the aim of this study was to assess the susceptibility
of the most commonly used dried fruits to be infested by P. interpunctella in correlation with
the content of macronutrients and the secondary metabolites in tested dried fruits.
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Materials and methods

Insect rearing

Plodia interpunctella was reared in a climate chamber at 28 £ 1 °C, 60 £ 10 % R. H., and
14:10 (L:D) photoperiod, in transparent plastic containers (1.2 1 in volume) on a standard
laboratory diet (Silhacek and Miller, 1972) for ~50 generations at the Faculty of Science of the
University of Kragujevac, Serbia. One-day-old moths in copuli were aspirated from the rearing
containers to oviposition jars and one-day-old eggs were used in assays.

Experimental design
Susceptibility of nine dried fruits to P. interpunctella infestation were tested: apple chips,
prunes, sour cherries, raspberries, blackberries, strawberries, chokeberries, goji berries and figs.
Data of nutritive constituents of tested dried fruits (moisture, the content of total ash, proteins,
fats, carbohydrates, sugars, reducing sugars, total phenolics, flavonoids, and tannins) was
obtained from Vukajlovic¢ et al. (2019).

Assays were conducted in 12 replicates for each tested dried fruit type, with a total of
108 assays. Each assay contained 100 ml of different dried fruits placed into 250 ml glass jar
with 50 one-day-old P. interpunctella eggs. The mass of the diet in each assay was also
measured. The experiment was carried out in the same conditions as for growing the parental
insect population.

Experimental procedure

The experimental procedure on life history traits of P. interpunctella immature stages were
described in Vukajlovi¢ et al. (2019). Shortly, after the emergence of P. interpunctella adults
from each assay, their number was counted and the mean developmental duration (MDD) for
each adult was recorded. The mean developmental duration was calculated as the average time
(in days) from the start of the experiment to the emergence of each adult. The susceptibility of
16 dried fruit species to the infestation of P. interpunctella was calculated based on the Index
of susceptibility (IS) for insect development (Dobie, 1974):

InF1

= X1
S VDD 00

where F1 represents the mean number of P. interpunctella adults that emerged in twelve
replications during the experimental period, while MDD represents the mean developmental
duration in twelve replications. Susceptibility rating (SR) was based on the calculated Indexes
of susceptibility, as suggested by Mensah (1986).

Statistical analysis

Data were statistically analysed using the IBM SPSS Statistics 21 software package. A one-
way ANOVA and post hoc Bonferroni test (P < 0.05) were carried out to test the differences
among mean IS values in tested dried fruits. Pearson's coefficient was used to test the
correlations between IS values and nutritive constituents’ contents in tested dried fruits.

Results and discussion

Results of susceptibility of nine dried fruit species to infestation of P. interpunctella, based on
the obtained ISs and susceptibility ratings are presented in Table 1. Mean values of IS
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(F=42.78; p <0.001) were siginificantly different among tested dried fruit species. Six dried
fruit species (prune, sour cherry, raspberry, blackberry, strawberry and chokeberry) were
resistant to infestation by P. interpunctella, with IS values ranging from 0.84 to 2.41. Higher
IS were observed for dried goji and figs (5.16 and 7.14, respectively) and these dried fruit
species were rated as moderately susceptible to infestation by P. interpunctella.

Table 1. Mean values of the Index of Susceptibility (+ SE) and Susceptibility Rating of the
tested dried fruit species to the infestation by Plodia interpunctella.

Dried fruits Index of susceptibility (IS)  Susceptibility rating (SR)

Apple chips 2.84+0.10°¢ Moderately resistant
Prune 0.84 £0.19% Resistant

Sour cherry 1.14 £0.29 ® Resistant
Raspberry 2.40 +0.42 % Resistant
Blackberry 2.41+0.36"% Resistant
Strawberry 2.26 +0.22 ¢ Resistant
Chokeberry 2.02 +0.18 ¢ Resistant

Goji 5.16+0.274¢ Moderately susceptible
Fig 7.14 £0.50° Moderately susceptible
F value 42.778H%* -

Values with different letters in superscript are statistically different by one-way ANOVA test
and Bonferroni test at p < 0.05; *** - p < 0.001.

Even if Plodia interpunctella is one of the most serious pest of dried fruits (Hagstrum and
Subramanyam, 2009; Burks and Johnson, 2012; Sarwar, 2015), based on numerous laboratory
research, dried fruits are a much less suitable diet for the development of P. interpunctella than
other diet types, such as nuts. For example, prunes and apricots are an unsuitable food for
P. interpunctella, because a small number of adults emerge from them, and the development
lasts very long (Johnson et al., 1995; Johnson, 2004; Sambaraju and Phillips, 2008; Almasi and
Posloncec, 2010; Vukajlovi¢ et al., 2017). Numerous research results showed that the
nutritional content of the diet is of high importance for the survival and development of
P. interpunctella, while other diet constituents, such as moisture and other chemicals are less
important (LeCato, 1976; Sambaraju and Phillips, 2008; Burks and Johnson, 2012; Predojevi¢
et al., 2017; Gvozdenac et al., 2018; Vukajlovi¢ et al., 2019).

In this research, susceptibility of tested dried fruit species to the infestation by
P. interpunctella was higher in those species that contained more proteins (r = 0.47; p < 0.001)
and fats (r = 0.25; p < 0.05), and less total sugars (r = -0.24; p < 0.05) and reducing sugars
(r=-0.29; p < 0.01), while differences in total carbohydrates, moisture and ash content did not
affect the susceptibility of the tested dried fruits (Table 2). It was also found that higher contents
of total phenolics (r =-0.59; p < 0.001), flavonoids (r = -0.31; p < 0.01) and tannins (r = -0.26;
p < 0.01) negatively correlates with the susceptibility of dried fruit to P. interpunctella
infestations.
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Table 2. Correlation between the Index of Susceptibility of the tested dried fruits to the
infestation of Plodia interpunctella and the nutrient content of the tested dried fruits.

Nutrient content Index of Susceptibility (IS)

Moisture -0,02 ns
Total ash -0,01 ns
Crude proteins 0,47 ***
Crude fats 0,25 *

Total carbohydrates -0,16 ns
Total sugars -0,24 *

Reducing sugars -0,29 **
Total phenolics -0,59 ***
Total flavonoids -0,31 **
Condensed tannins -0,26 **

r values; *** - p <0,001; ** - p < 0,001; * - p <0,05; 13 - p > 0,05.

Our results show that the higher susceptibility of dried fruits, especially of dried figs and
goji berries, to P. interpunctella is associated with higher protein and fat content in dried fruits,
but also to the lower contents of total and reducing sugars, as well as to the secondary
metabolites, which indicates that these groups of macronutrients potentially enhance its
resistance.

By assessing the susceptibility of different diet types to the infestation by P. interpunctella
and correlating it with its nutritional characteristics, we could better understand this pest feeding
preferences, its biology, ecology, and potential pest management strategies.
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