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Abstract: Pest biological fitness and normal development are important factors for pest
population sustainability. Sub-lethal, lethal and sub-acute effects of boric acid on the life
history traits of the greater wax moth Galleria mellonella were investigated. Boric acid
concentrations (LC30, LC50 and, LC70) were administered to 5th instar G. mellonella larvae
via force-feeding method. The individuals in both experimental and control groups were
observed daily and the larval and pupal developmental times, adult longevity as well as pupal
and adult weights were recorded. Results showed that treating G. mellonella with boric acid
significantly decreased pupal and adult weights in a concentration dependent manner when
compared to the control. Additionally, while larval developmental time increased post boric
acid treatment, it was observed that pupal developmental time and adult longevity
significantly shortened when compared to the control. Moreover, at the two highest boric
acid concentrations, pupal developmental time and adult longevity decreased by almost 50%
when compared to the control. With these findings, we infer that boric acid significantly
affects the normal development of pest insect G. mellonella and thus affects it biological
fitness and survivability.
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control mites and cockroaches (Miles, 1994; Cochran,
1995). Besides having a suitable safety record and very
low absorption via unbroken skin (Ebeling, 1995; Fail et
al., 1998), BA also has a relatively low toxicity on
honeybees (Atkins, 1987; Harper et al., 2012), aquatic
invertebrates, birds and fish, (Weir and fisher, 1972;
USDA forest service report, 2006). BA is classified as a
Category III toxic agent (U.S EPA, 1996) and Group E
carcinogen (U.S. EPA 1993, p. 27) since it has a low
toxicity and, also poses no risk of carcinogenicity. On the
other hand, BA is used in various industrial activities like
the manufacture of paints, fungicides (Harper et al., 2012),
and pharmaceuticals (Avino-Martinez et al., 2008) and
thus, many living organisms both terrestrial and aquatic
are inevitably exposed to it in their ecosystems.

Introduction
Today in agriculture, various chemicals are used to
improve product quality, obtain more product from a
limited arable area and to ensure product resistance to
pests and diseases. The most important of these chemicals
is undoubtedly pesticides. However, the uncontrolled use
of pesticides provides cancerous, teratogenic and
mutagenic effects (Senthil-Nathan, 2013) and resistance
developed by pests (Klatt et al., 2016; Brevik et al., 2018).
For this reason, current research about pest control is
focused on the implementation of methods and use of
chemicals with a wide spectrum and the least or no harm
to the environment and human health (Jeschke et al., 2010;
Casida and Durkin, 2013).
Among such chemicals is boric acid (BA), a slow
acting (Cornwel, 1976) insecticide commonly used to
236

Gwokyalya & Altuntaş - Effects of force-fed boric acid on the life history traits

Reports in literature have showed that BA possess
insecticidal effects (Xue and Barnard, 2003; Cruz et al.,
2010; Büyükgüzel et al., 2013; Gwokyalya and Altuntaş,
2019), destructs the intestinal lining and ultrastructure of
the midgut (Cochran, 1995; Habes et al., 2006;
Büyükgüzel et al., 2013), reduce fecundity (KilaniMorakchi et al., 2009), affects the cuticle profiles of
insects (Kilani-Morakchi et al., 2005), alters protein
activity and biological fitness (Hyršl et al., 2007) and,
induces oxidative stress (Hyršl et al., 2008; Büyükgüzel et
al., 2013) in insects. Moreover, recently, Gwokyalya and
Altuntaş (2019) showed that BA suppresses cellular
mediated immunity of G. mellonella larvae and that it also
possesses genotoxic effects. Galleria mellonella
(Lepidoptera: Pyralidae), the greater wax moth, is a major
pest in apiculture since its larval stage feeds on apiary
products. G. mellonella larvae are commonly used as
model organisms in laboratories for immunological and
toxicological studies (Ramarao et al., 2012; Wojda, 2017)
since they show immune responses similar to mammals
when treated with various chemicals (Kavanagh and
Reeves, 2007).
In pest control campaigns, the main goal is to reduce
pest populations to the minimum possible and this can be
achieved by altering the biological fitness and normal
development of the pest in question (Gupta and Dikshit,
2010) i.e. altering the developmental times, supressing
fecundity, reducing weights and/or preventing pests from
developing from one growth stage to another. There are
several reports in literature showing how different
xenobiotics affect the survivability and biological fitness
of storage pest G. mellonella (Çalık et al., 2016; Sugeçti
et al., 2016; Er et al., 2017; Zorlu et al., 2018; Çelik et al.,
2019). Since BA has been reported to be insecticidal to
various insects, this study investigated the effects of forcefed BA on the life history traits of storage pest and model
insect G. mellonella.

Table 1. The jars were covered with gauze and perforated
covers (to avoid escaping of the larvae). Adult individuals
were removed from the culture medium following mating
of the female and male individuals. Routine culture
maintenance was done three times a week to check the
nutrient needs of the larvae and to remove any wastes.
Depending on the density of the larvae, feeds were added
to the jars from in sufficient quantities to feed the hatching
larvae. If crowded, the larvae were optimally distributed
to different jars. During weekly maintenance, the larvae
approaching the final larval stage were transferred into 0.5
liter jars containing folded papers to facilitate pupation.
Pupa jars were checked 7-10 days later and followed up
daily till adult individuals emerged. Mature individuals
were then mated to ensure the continuity of the stock
cultures.
Experimental assays/Lethal concentrations of BA
Boric acid (H3BO3 CARLO ERBA) used in this study was
purchased as a pure powder. Recently, Gwokyalya and
Altuntaş, (2019) determined the lethal concentrations of
force-fed BA for G. mellonella larvae. It was therefore
decided that LC30, LC50 and LC70 concentrations
determined in this previous study be used to investigate
the effects of BA on the life history trait of G. mellonella
in the current study. From the stock culture, larvae
weighing 0.16 ± 0.01 gr were randomly selected and each
to each one of them 5μl of the different BA concentrations
was fed via force-feeding method (Dere et al., 2015;
Gwokyalya and Altuntaş, 2019).
Prior force-feeding, the larvae were starved for 3 hours
after which, they were kept on ice for 2 minutes to be
anesthetized and then 5μl of BA were administered orally
to each larva through the oesophagus using a 10μl
Hamilton injector (26-gauge sharp tip). For the control
group, 5μl of distilled water were fed to each larva. Each
of the treated larvae was transferred to a 15 × 60mm petri
dish containing 2 g of the synthetic diet and kept in the
insectarium. Both control and experimental groups were
observed daily to observe the developmental times and
changes. Following the developmental process of the
experimental and control groups (LC30, LC50 and LC70),
larval, pupal and adult life developmental times (day) and
the pupal and adult weights of G. mellonella were
determined. For both experimental and control groups 15
larvae were used, and all analyses were done in 3
replicates.

Materials and Methods
Galleria mellonella stock culture
The cultivation of G. mellonella was carried out in an
insectarium (insect room, D51-41) in the animal
physiology laboratory, department of Biology, Faculty of
Science, Eskisehir Technical University, Eskişehir.
Photoperiodical conditions in the insectarium were
maintained at 28 ± 2 °C temperature, 60 ± 5% relative
humidity in continuous darkness to ensure stock and
progressive culture continuity. The larvae were fed on a
semi-artificial diet for G. mellonella mixed according
Altuntaş et al., (2012).
In order to establish stock cultures, 5 females and 5
males G. mellonella adult individuals were put into 1 liter
glass jars containing semi-artificial diet (100g) given in

Statistical analysis
All data were expressed as mean ± standard errors
determined using the data obtained from the experiments.
The SPSS data analysis software program (IBM Corp.
Released 2012. IBM SPSS Statistics for Windows,
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Version 21.0. Armonk, NY: IBM Corp.) was used for all
statistical analyses. All data from the experimental
analyses were tested for normal distribution using
Lavene’s test. Results did not follow normal distribution
thus, to compare means, Kruskal Wallis and Mann
Whitney U tests were performed to determine the
statistical differences. All results obtained in the
experiments were evaluated as statistically significant at a
95% confidence interval (p < 0.05).
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Discussion
BA a widely used inorganic insecticide has proved to be
effective against various pests. Recently, insecticidal
properties of BA on G. mellonella (Hyršl et al., 2007;
Büyükgüzel et al., 2013), cockroaches (Cochran, 1995;
Habes et al., 2006) and termites (Farid et al., 2015) have
been reported. Studies also reported that BA induced
oxidative stress, altered protein profiles (Hyršl et al., 2007;
Büyükgüzel et al., 2013), prolonged larval and pupal
development (Hyrsl et al., 2007) and caused cuticular
abrasion and destruction of the digestive tract wall
(Cochran, 1995; Ebeling, 1995; Habes, 2005). KilaniMorakchi et al., (2009) also reported that BA affects the
reproductive potential of Blattella germanica. In this study
therefore, we present the sublethal and subacute effects of
force-fed BA on the larval, pupal and adult developmental
periods/longevity and the weights of the pupae and adults.
Results obtained from the current study showed that
administering BA to G. mellonella larvae significantly
affects the developmental time of the species’ larval, pupal
and adult stages and, also reduces the weight of both the
pupal and adult stages. We observed that as BA
concentrations increased, larval developmental time was
prolonged while pupal developmental time and adult
longevity decreased significantly among all experimental
groups when compared to the control. Similar to our
findings, Hyršl et al., (2007) reported that BA added into
first instar larvae diets at concentrations of 156, 620,
1,250, or 2,500 ppm led to prolonged larval developmental
time and shortened adult longevity in G. mellonella. The
same study also showed that dietary BA prolonged pupal
developmental time at the highest concentration a result
which is contrary to the findings recorded in our study. We
suggest that the shortened lifespan of G. mellonella pupae
and adults post BA treatment could be related to BA
induced lipid peroxidation (Hyršl et al., 2007; Büyükgüzel
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Figure 2. Effects of BA on the pupal and adult weights of
Galleria mellonella. (*Each bar represents the mean ± S.E.
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Results
Effects of BA on the biological parameters of Galleria
mellonella
Results obtained in this study showed that, treating G.
mellonella larvae with different BA concentrations
significantly increased the larval developmental time at all
BA concentrations when compared to the control (χ2(3) =
21.35; p = 0.000). However, there was no significant
difference observed in the larval developmental time
among the (BA treated) experimental groups.
Additionally, BA significantly reduced the pupal
developmental time (χ2(3) = 85.046; p = 0.000) and adult
longevity of G. mellonella (χ2(3) = 42.36; p = 0.000) at all
BA concentrations in a concentration-dependent manner
when compared to the control (Fig. 1). For the
experimental groups however, a significant difference in
adult longevity was only observed at LC30 when compared
to the 2 highest concentrations (LC50 and LC70).
Furthermore, the number of days recorded for both larval
development and adult longevity reduced by more than a
half at the two highest BA concentrations (LC50 and LC70).
15
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Figure 1. Boric acid induced changes in the adult longevity and
larval and pupal developmental time (days) of Galleria
mellonella. (*Each bar represents the mean ± S.E. Significant
differences are denoted by different letters (a - d) (Mann Whitney U
test, P < 0.05))

Additionally, BA treatment led to significant
reductions in pupal (χ2(3) = 119.987; p = 0.000) and adult
(χ2(3) = 116.807; p = 0.000) weights in all BA treated
groups when compared to the control. (Fig. 2). Moreover,
at the 2 highest BA concentrations (LC50 and LC70), both
pupal and adult weights decreased by approximately 50%
and 60% respectively when compared to the control.
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et al., 2013), immunotoxicity and genotoxicity
(Gwokyalya and Altuntaş, 2019) in the larval stage.
Furthermore, Hyrsl et al., (2008) reported that dietary BA
altered the protein profiles and Büyükgüzel et al., (2013)
showed that BA induces lipid peroxidation of G.
mellonella larvae. It is known that proteins and lipids are
one of the major feed nutrients that aid physiological
functioning of insects (Van der Horst et al., 1997) since
they are the primary components of most hormones and
enzymes which regulate/control growth and development
and other physiological processes (Deber and Benham,
1984; Kim et al., 2012). Therefore, any alteration in the
composition, amount or functions of proteins and lipids
directly affects endocrine system functioning and
subsequently interferes with the normal development of
the pupae and adult wax moths, whence, the observed
changes in the growth and development of G. mellonella
pupae and adults following BA treatment. A report by
Kilani-Morakchi et al., (2009) showing that BA affects the
life traits by supressing productivity and ovarian
constituents in cockroaches support our findings that BA
indeed affects the survivability and the life history traits of
insects. The shortened adult longevity post BA treatment
may be a very helpful in the control of G. mellonella as the
adults lay significantly fewer eggs during their shortened
active reproductive stage leading to fewer populations in
the future. The prolonged larval developmental time may
be related to inadequate feeds and insufficient nutrients
and their related stress due to damaged intestinal lining
and poor digestion (Habes et al., 2006; Cochran, 1995);
these may slow down the normal physiological functions
of the larvae post BA treatment thus halting normal larval
development which leads to prolonged larval
developmental periods.
Similar to previous studies which reported reduced
weights in rat (Price et al. 1996; Harrouk et al., 2005; U.S
EPA, 2006) and mice offsprings (Heindel et al., 1992)
following BA administration, it was determined in the
current study that treating G. mellonella with BA led to
significant decrements in both pupal and adult weights in
the BA treated groups when compared to the control. It is
known that lepidopteran species do not feed during their
pupal and adult stages and thus, larval nutrition is very
important for aiding and sustaining their growth from the
1st instars to the adults (Schopf, 1991). Mohamed et al.
(2014) presented evidence showing that the quality and
quantity of diet ingested by the larvae play a very huge
role in the growth, development and survivability of G.
mellonella. Additionally, studies reported detrimental
intestinal wall damaging in insects following that BA
treatment leading to starvation (Cochran, 1995; Ebeling,
1995, Habes et al., 2006, Büyükgüzel et al., 2013). Due to
the damaged alimentary canal, it is possible that the BA

treated larvae could not efficiently feed or digest and
utilize the consumed feeds leading to starvation and
subsequent weight loss in both the pupae and the adults.
Also, weight loss among various animal species as they
evolve from one development stage to another is a
common phenomenon (Davidowitz et al., 2003); the
weight loss may be due to the loss of some water and the
cuticle, molting and, a brief period of fasting.
Development from one stage to another for instance from
larvae to pupa and pupa to adult, necessitates a high
demand for energy and nutrients. However, since the
pupal and adult stages of G. mellonella do not feed (Jorjăo
et al., 2018), there is no external/supplementary source of
such nutrient and energy requirements. Consequently, the
insects rely on the energy reserves like the fat body for
metabolism maintenance which leads to weight loss from
one development stage to another. Furthermore, BA
induced lipid peroxidation (Büyükgüzel et al., 2013) and
its related stress may be one other reason for the observed
alterations in the life traits of G. mellonella post BA
treatment. Lipid peroxidation leads to depletion of
glycogen reserves and other carbohydrates, fats and
proteins (McCarthy 1994) in the fat body and the midgut.
This inevitably leads to weight loss and, also shortens the
normal developmental times of the affected organisms.
In conclusion, treating G. mellonella with boric acid
even at very low concentrations significantly affects the
life history traits and normal development of the model
insect thus affecting its biological fitness and
survivability.
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