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Abstract [Aim] To clarify the antimicrobial properties of the feeding secretions of red palm weevil, Rhynchophorus
ferrugineus, larvae, and assess the effect of these secretions on various bacteria and fungi. [Methods] The effects of aqueous
extracts of sugarcane that had been consumed by R. ferrugineus larvae on four bacteria, and two fungi, species, and on the
germination of fungal spores, were compared to those of freshly squeezed sugarcane juice. In addition, the effects of proteinase
K and heat treatment on the antimicrobial activity of larval feeding secretions were determined. Finally, the antimicrobial
activity of larval body surface secretions and excretions was tested to clarify the source of antimicrobial activity. [Results]
Compared to the control, sugarcane extract that had been consumed by larvae strongly inhibited the growth of Escherichia coli,
Saphylococcus aureus, and Bacillus thuringiensis (P<0.000 1), and suppressed the germination of > 95% of Beauveria

bassiana and Metarsiana anisopliae spores (P<0.000 1). However, it had no significant inhibitory effect on Serratia
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marcescens (P>0.05). Treatment with proteinase K and high temperature (100 °C) did not affect the antimicrobial activity of

larval feeding secretions, indicating that the active antimicrobial substances are not proteins or peptides. Larval body surface

secretions and excretions not only did not inhibit the growth of E. coli and S. aureus, but promoted the growth of these two

bacteria, indicating that the active antibacterial substances are probably secreted into the food during feeding. [Conclusion]

R. ferrugineus larvae secrete antimicrobial substances into food during ingestion that can effectively inhibit the growth of

microorganisms. The antimicrobial compounds responsible have strong thermal stability. These results improve understanding

of the strategies insects use to defend themselves against environmental pathogens, and lay a foundation for the development

of insect-derived antimicrobial drugs.
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Fig. 1 Fungusgrowth in sugarcane fed by Rhynchophorus ferrugineus larvae
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Two pieces of sugarcane were respectively placed in two Petri dishes. One Petri dish was left untreated, while the other
was inoculated with one Sth-instar larva for feeding. Both were then placed in an artificial incubator for cultivation

at (27+1)°C, 75% RH, and a complete dark photoperiod. After one week, mold grew on the sugarcane (A) that was not fed on
by the larva, while the sugarcane (B) that was fed on by the larva did not develop mold.
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Fig. 2 Antibacterial activity of feeding secretions from Rhynchophorus ferrugineuslarvae
against Escherichia coli (A) and Staphylococcus aureus (B)
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ns FR/REE Tukey’s ZH LT AR (P>0.05). 3 MK 4.
Ep: Experimental group, extract from sugarcane that larvae has eaten; Nc: Negative control, extract from sugarcane that
larvae has not eaten. Bc: Blank control, extraction solvent sterile water. The same for Fig. 3-Fig. 5. Data in the figure are

mean+SE. **** indicates significant difference at 0.000 1 level by Tukey’s multiple comparison test, and ns indicates no
significant difference by Tukey’s multiple comparison test (P>0.05). The same for Fig. 3 and Fig. 4.
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Fig. 3 Antibacterial activity of feeding secretions from Rhynchophorus ferrugineuslarvae
against Bacillus thuringiensis and Serratia marcescens
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A, A'and A". Bacillus thuringiensis colonies cultured under Ep, Nc¢ and Bc treatments, respectively; B, B' and B".
S. marcescens colonies cultured under Ep, Nc and Bc treatments, respectively; C. Comparison of CFUs of B.

thuringiensis under different treatments; D. Comparison of CFUs of S. marcescens under different treatments.
** indicates significant difference at 0.01 level by Tukey’s multiple comparison test.
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Fig. 4 Inhibition of fungal spore germination of feeding secretions from Rhynchophorus ferrugineus lar vae against
Beauveria bassiana and Metarhizium anisopliae
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A. Germination of B. bassiana spores in sugarcane extract that larvae has eaten; B. Germination of B. bassiana spores in
sugarcane extract that larvae has not eaten; C. Germination of M. anisopliae spores in sugarcane extract that larvae has eaten;

D. Germination of M. anisopliae spores in sugarcane extract that larvae has not eaten; E. Germination rate of B. bassiana
spores under different treatments for 8 h; F. Germination rate of M. anisopliae spores under different treatments for 8 h.
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Fig. 5 Antimicrobial activity of feeding secretions from Rhynchophorus ferrugineus larvae
after protease K and high temperature treatment
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No Tx: Untreated; Prot. K: Protease K treatment; Heated: 100 °C water bath treatment. A, B and E. Effects of different

treatments on antibacterial activity of E. coli, S. aureus and B. thuringiensis, respectively; C and D. Effects of different
treatments on spore germination rates of B. bassiana and M. anisopliae, respectively. Data in the figure are mean+SE. ***
indicates significant difference at 0.001 level by independent sample t-test. **** indicates significant difference at 0.000 1
level by independent sample t-test. The same for Fig. 6.
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Fig. 6 Antibacterial activity of surface secretions and
excreta from Rhynchophorus ferrugineus lar vae against
Escherichia coli and Staphylococcus aureus
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