Hellenic Plant Protection Journal 18: 72-78, 2025
DOI 10.2478/hppj-2025-0008

§ sciendo

Toxicity of ozone fumigation on Galleria mellonella larvae and
latent effects on pupation and adult emergence

H.A. Gad™, G.F. Abo Laban', M.Z. Nofal' and K.H. Metwaly?

Summary The greater wax moth Galleria mellonella L. is a serious pest of honey bee combs in hives.
Ozone fumigation was applied on fourth instar larvae at three concentrations, 0.5, 1.0 and 2.0 g/m? for
30, 60, 90 and 120 min. Our findings showed that the two concentrations of 0.5 and 1.0 g/m*were less
effective than that of 2.0 g/m?* on larval mortality with 40 and 60%, respectively, at 120 min of expo-
sure time after 7 days. Full larval mortality (100%) was obtained by 2.0 g/m? of ozone at 90 min expo-
sure time in 3 and 7 days post treatment. Our findings demonstrated that ozone had latent effects on
pupation as well as adult emergence from treated larvae of G. mellonella. Exposure to 0.5 g/m? for 120
min, 1.0 g/m? for 120 min and 2.0 g/m? for 60 min resulted in the lowest pupation percentage (60, 40
and 0%, respectively) and strong inhibition of adult emergence (16.7, 0 and 0% adult emergence, re-
spectively. Our research indicates that ozone fumigation is a useful strategy for the control of the great-

er wax moth.
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Introduction

The wax moth, Galleria mellonella L. (Lep-
idoptera: Pyralidae), is a major insect pest
of honey bee combs in hives (Hanley et al.,
2003). Colony losses associated with the
pest are considerable in a lot of places; the
effect is stronger in weaker colonies and
stored combs (Graham 1992; Ellis et al., 2013;
Sohail et al., 2017). The larvae consume pol-
len, honey, wax combs, and the skins of
cast honey bee larvae. The presence of lar-
val wax moth in combs is indicated by their
production of silken threads, which are fre-
quently tunnel-like inside the combs.
Management of G. mellonella is applied
by synthetic fumigants which question the
potential risks on honey bee and human
health, and the environment (Desneux et
al., 2007). In this respect, safe and effective
control methods such as ozone fumigation
and freezing have been tested for the con-
trol of G. mellonella (Zhu et al., 2016; Nofal
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et al., 2024). Ozone (Os) is an unstable gas
created when oxygen is exposed to a high
voltage electric discharge (Kim et al., 1999).
It has been suggested as an excellent alter-
native for conventional fumigants such as
phosphine gases since it has a short half-
life (20-50 min) due to its rapid breakdown
into oxygen, and therefore does not leave
any residues on treated stored products,
significantly deplete nutrients in commod-
ities or cause insect resistance. (Mendez et
al.,, 2003).

Several studies illustrate how ozone ap-
plied to stored goods effectively combated
a range of insect pests (Isikber et al., 2007;
Niakousari et al., 2010; James, 2011; Jemni et
al., 2015; Ayad, 2019; Gad et al., 2021a, b; In-
gegno and Tavella, 2022; Sitoe et al., 2024;
Metwaly et al, 2024). The mortality of G.
mellonella caused by ozone gas has been
reported by other studies (James, 2011; No-
fal et al., 2024). However, the latent effect of
ozone on biological aspects such as pupa-
tion and adult emergence from treated lar-
vae is limited. As a result, the current study
focuses on studying the susceptibility of
fourth instar larvae to ozone and their la-
tent effects on pupation and adult emer-
gence.
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Materials and Methods

Greater wax moth rearing

Galleria mellonella was mass cultured in
the laboratory using larvae that were col-
lected from infested beehives. Fourth in-
star larvae which were raised on bee wax
for many generations at 26°C and 65% R.H.
were used in the tests.

Ozone production

The ozone was generated using tech-
niques reported by Gad et al. (2021b) at the
Centre of Plasma Technology, Al-Azhar Uni-
versity, Nasr City, Cairo, Egypt.

Exposure of larvae of greater wax moth
to ozone fumigation

To determine the effect of ozone on
fourth instar larvae of the greater wax moth,
20 larvae were introduced inside small plas-
tic tubes (5 cm high and 3 cm diameter)
which were then placed into glass fumiga-
tion jars (35 cm high and 20 cm diameter). A
metal lid with an inlet and an exit was used
to cover the fumigation jar. The ozone gen-
erator was connected to the fumigation
jars through a plastic tube extending from
the entrance to the bottom of the fumiga-
tion jar. Both openings of the lid were se-
cured with a valve. The larvae were exposed
to the desired gas concentrations (0.5, 1.0
and 2.0 g/m?3) for 30, 60, 90 and 120 min and
then the treated larvae were moved to 500
ml glass jars. For the control group, the lar-
vae were exposed to air without ozone. For
each ozone concentration and the control,
four replicates (jars of 20 larvae) were set up.
To determine the percentage of mortality,
the mortality of larvae was recorded 3 and
7 days post exposure. After that, treated lar-
vae were transferred into glass jars (3 cm di-
ameter and 5 cm depth) with muslin cloth
coverings for incubation under the same
conditions mentioned above. They were
checked every day until pupation and adult
emergence (Al-Ayat et al., 2025). Percent pu-
pation, adult emergence and survival were
calculated using the following formulas:
Pupation (%) = (Number of pupae/Total
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number of larvae) x 100

Adult emergence (%) = (Number of moths/
Total number of pupae) x 100

Survival (%) = (Number of moths/Total num-
ber of larvae) x 100

Data analysis

The data of mortality, pupation adult
emergence were transformed Arcsine. ANO-
VA was performed and the means were
compared using Tukey’s test (P < 0.05) in
SPSS version 21 (Haynes, 2013).

Results

Larval mortality of G. mellonella

The mortality percentage of treated lar-
vae of G. mellonella increased gradually
with an increase in either concentration of
ozone or exposure time. The two concen-
trations of 0.5 and 1.0 g/m® were less effec-
tive than that of 2.0 g/m? on larval mortali-
ty with 30 and 40% (P < 0.01; F = 2.5; df = 3,
12), respectively (Table 1) at 120 min of expo-
sure time and 3 days post treatment. After
7 days of treatment, the two concentrations
of 0.5 and 1.0 g/m*induced larval mortalities
(40 and 60%) (P < 0.01; F = 3.1; df = 3, 12), re-
spectively at 120 min of exposure time (Ta-
ble 1). The highest concentration (2.0 g/m?3)
induced the maximum larval mortalities (80
and 90%) at 60 min of exposure, 3 days (P
< 0.01; F = 763.7; df = 3, 12) and 7 days af-
ter treatment (P < 0.01; F = 907.6; df = 3, 12),
respectively. Full larval mortality (100%) was
obtained by 2.0 g/m? of ozone at 90 min ex-
posure time, 3 and 7 days post treatment.

Latent effects of ozone fumigation on G.
mellonella

The delayed effect of ozone fumigation
on pupation, adult emergence and survival
percentage of G. mellonella is shown in Ta-
ble 2. The lowest pupation percentage (60,
40 and 0%) was obtained from treated lar-
vae by 0.5, 1.0 and 2.0 g/m? at 120, 120 and
60 min exposure time, respectively (P < 0.01;
F = 209.0; df = 4, 15), (P < 0.01; F = 38.9; df
=4,15) and (P < 0.07; F = 600.0; df = 4, 15).
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The lower concentration (0.5 g/m?) caused
strong suppression of adult emergence and
survival (16.7 and 10.0%), (P < 0.01; F = 433.0;
df=4,15)and (P <0.01; F=1231.0; df=4, 15),
respectively. The two concentrations (1.0
and 2.0 g/m?3) induced full suppression (0%)
of adult emergence and survival (P < 0.01; F
=1997.0;df =4, 15)and (P < 0.01; F=9.4; df=
4, 15), respectively.

Discussion

Since methyl bromide was added to the list
of chemicals that cause ozone depletion,
many fumigants have been proposed as an
alternative to methyl bromide (UNEP, 1995).
Ozone is one of these fumigants, which has
been demonstrated to have some poten-
tial for controlling postharvest insects (Mah-
roof et al., 2018). Our investigation demon-
strated that the larvae of G. mellonella were
highly sensitive to ozone fumigation. The
larval mortality increased with increasing
ozone concentration and exposure time.
The ozone concentration of 2.0 g/m?® was ef-
fective to reach complete larval mortality
in two exposure times, 90 and 120 min. Our
findings are in line with several reports on
other insects indicating that ozone fumiga-
tion was effective on larvae of postharvest
insects. Kells et al. (2001) showed that ozone
induced higher larval mortality of Plodia in-
terpunctella (Hibner) by 50 ppm after three
days of treatment. Isikber et al. (2007) report-
ed that 300 ppm of ozone for 2 h of expo-
sure time caused complete larval mortality
of Ephestia kuehniella (Zeller). Osman (2009)
found that 1 g/m?* of ozone caused complete
mortality of E. kuehniella larvae after 6 days
of exposure. Hussain (2014) stated that lar-
vae of Ephestia cautella (Walker) treated with
80 ppm caused 100% mortality after 5 h of
exposure. Ibrahim and Al-Ahmadi (2014) ob-
served that 80 ppm for 1 h caused the larval
mortality of Phthorimaea operculella (Zeller)
(80.0%). Keivanloo et al. (2014) demonstrat-
ed that the larval mortality of P. interpunctel-
la (85.0%) was achieved by ozone treatment
(5 ppm) for 2 h. Husain et al. (2015) ozone
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fumigation caused complete larval mortal-
ity of E. cautella by 22 ppm for 24 h of ex-
posure time. Zinhoum and El-Shafei (2019)
showed that complete larval mortality of P.
interpunctella was obtained after 90 min of
exposure to 1.0 g/m?of ozone. Mahmoud et
al. (2023) revealed that the LCso values were
275.3 and 446.8 ppm for the second and
fifth larval instars of the khapra beetle, Tro-
goderma granarium Everts (Coleoptera: Der-
metstidae), after 2 h of exposure time.

The high toxicity of ozone against larvae
of G. mellonella found in the present inves-
tigation may be due to the strong oxidizing
properties of the gas. According to Hermes-
Lima (2004), when ozone disintegrates into
dioxygen, free radicals of reactive oxygen
species (ROS) are produced which can sig-
nificantly change DNA and protein mole-
cules as well as oxidize polyunsaturated fat-
ty acids. As a result, according to Holmstrup
et al. (2011), these effects may damage cells
and kill insects.

Moreover, our findings demonstrated
full suppression of pupation, adult emer-
gence and survival, by ozone fumigation at
the concentration of 2.0 g/m?. Similarly, Bon-
jour et al. (2011) demonstrated that ozone
induced full inhibition of Tribolium castane-
um (Herbest) progeny by 70 ppm treatment
for four days. Abd El-Ghaffar et al. (2016)
mentioned the progeny of Sitotroga cere-
alella (Olivier) was completely suppressed
by treatment of the larval stage with 5 g/m?
for 5 h. Abd El-Ghaffar et al. (2017) showed
that the complete suppression of pupation
of red flour beetle from treated larvae with
ozone was achieved after 5 h exposure of
5 g/m3. Subramanyam et al. (2017) indicat-
ed that the ozone fumigation was effec-
tive in progeny suppression of Rhyzopertha
dominica (F.) at lower concentrations (0.42
and 0.84 g/m3). The same findings were ob-
tained by Xinyi et al. (2019).

Finally, the present study provided valu-
able and promising data on the application
of ozone fumigation against the greater wax
moth under laboratory conditions. Howev-
er, there are some limitations to the appli-
cation of ozone gas as a fumigant to con-
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trol this insect pest in stored hives such as
the difference between fumigation cham-
bers used in this study and places of stored
hives, which are far more complex, with ir-
regular internal structures, variable airflow,
and potentially porous materials like wax,
wood, and propolis that could absorb or re-
act with ozone. These factors may lead to
uneven ozone distribution, reducing its effi-
cacy against pests in some parts of the hive.
Also, field trials are needed to determine
whether ozone-treated comb is acceptable
to bees, and if adequate fumigation condi-
tions can be achieved on a large field-use
scale, where the woodenware will slow the
accumulation of ozone within a chamber
(James, 2011). Also, the cost of ozone gener-
ators is still high for beekeepers. However,
the sustainable application for ozone fumi-
gation will reduce the cost and might be-
come cheaper if the application of this tech-
nology increases under field conditions.

Conclusion

Based on our findings, the ozone fumiga-
tion can cause full larval mortality of G. mel-
lonella after exposure for 90 min to 2.0 g/
m? while lower time exposure of 30 min at
this concentration can cause full inhibition
of adult emergence similarly with 90 min ex-
posure to 1.0 g/m3, supporting the potential
use of ozone in IPM strategies against the
pest. Further studies are needed on the ef-
ficacy of ozone against the pest under field
conditions and its impact on treated stored
hives in terms of delay in the development
of insect resistance as well as to reduce the
risk to honeybees, humans and the environ-
ment.
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To&IKOTNTA TOU UTOKATTVIGHOU HE 6{OV OTIC MPOVUUPEG TOV
Knpookwpovu, Galleria mellonella, kai A\avOavouoeg emdpacelg
oTN VOp@WOon Kat TNV £€£080 Twv evnAikwv

H.A. Gad, G.F. Abo Laban, M.Z. Nofal kat K.H. Metwaly

Nepidnyn O knpdokwpoc, Galleria mellonella L., ivat évag coapdc exBpdc Twv KnEnBpwV Twv Le-
Moowv oTI¢ KUPENEC. O UTTOKATTVIONOG e OOV EQAPUOCTNKE OE TIPOVULPEC TETAPTNG NAIKIOC O TPELC
OUYKEVTPWOELC, 0,5, 1,0 kai 2,0 g/m? yia 30, 60, 90 kat 120 Aemtd. Ta anoteAéopata é6€1€av OTI Ol GUYKE-
VIpWOoEeLG Twv 0,5 Kat 1,0 g/m® ftav Aiydtepo amoteAeopaTikég amd auth Twv 2,0 g/m?, pe 40 Kat 60%
BvNnoLoTNTA TWV TTPOVUUPWY, AVTIoTOIKA, OE XPOVO €KBeoNG 120 AemTWV, 7 NUEPES PETA TNV EQAPHO-
yi. KaBoAkr Bvnotpdtnta (100%) twv mpovupewy emtelxOnke pe 2,0 g/m?® 6{ovtog o xpdvo ékBeong
90 AemTWV, 3 Kal 7 NUEPEC LETA TNV e@apuoyn. Ta amotedéopata édei€av 0Tt To 6lov eixe AavBdvouoeg
emMOPACELC 0TN VOUPWON KABWE kal oTnv €£080 Twv evniikwv Tou G. mellonella. Ta xapnAdtepa mooo-
0T VOpQWOoNG kat e£660u evnhikwv Kataypdagnkav petd anod ékBeon o€ 0,5 g/m? yia 120 Aemtd, 1,0 g/
m? yla 120 Aemtd kat 2,0 g/m? yia 60 Aemtd kat ftav 60, 40 kat 0% yia tn VOUewon, avTtioTtolxa, kat 16,7,
0 kat 0% yia v é§060 Twv evnAikwv, AvVTioTOIXA. ZUUTIEPACHATIKE, GAiVETAL OTI O UTIOKATIVIGUOG UE
ooV gival pia Xpriolun MPOKTIKA yla TNV AVTILETWTTION TOU KNPOOKWPOU.
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