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Bacterial species, Bacillus amyloliquefaciens and Lactobacillus species (L. sp.5-1), are 
known to inhibit the growth of pathogenic bacteria and fungi. Metarhizium anisopliae is a 
pathogenic fungal species which causes fatal damage to P. brevitarsis populations. Therefore, 
we investigated the inhibitory effect of B. amyloliquefaciens and L. sp. 5-1 on M. anisopliae 
induced fatality rates in P. brevitarsis. Samples of M. anisopliae-infected sawdust were 
treated with strain B. amyloliquefaciens KACC10116, strain L. sp. 5-1 KACC19351, and a 
combination of the two. P. brevitarsis were fed treated sawdust samples, and their subsequent 
fatality rate was monitored. The fatality rate fell below 1.5% after 10 days and decreased by 
approximately 40% after 15 days. On average, the fatality rate decreased by 20%, compared 
to the control. The difference in the decrease in fatality rate between B. amyloliquefaciens 
treatment and L. sp. 5-1 treatment was not significant. Results indicate that both strains exhibit 
high anti-fungal activity, which may be useful in environmental purification efforts. These 
strains may be used for effective prevention of fungal infection in P. brevitarsis.
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Introduction

Bacillus species are known to produce various antibiotic 
substances such as bacteriocin and lipopeptides (Arnison et 
al., 2013; Ongena and Jacques., 2008). These lipopeptides 
are characterized by strong anti-bacterial, anti-virus, and anti-
cancer properties as well as low toxicity (Meena and Kanwar, 
2015). B. amyloliquefaciens is a gram-positive bacterium of 
the genus Bacillus. This species is known to stimulate plant 
growth while inhibiting the growth of pathogenic fungi. It 
reportedly produces antibiotic lipopeptides such as intrurin, 
fengycin, bacilysin, and surfactin (Koumoutsi et al., 2004; 

Yu et al., 2002). Further, B. amyloliquefaciens secretes 
extracellular enzymes that exhibit immune effects such as 
a-amylase, cellulase, metalloprotease, and protease (Ahmed 
et al., 2014). A series of studies investigated certain properties 
of B. amyloliquefaciens, such as extracellular secretion 
of enzymes including amylase, phytase, and protease, 
stimulation of plant growth and antibiotic action against plant 
pathogens (Borgiat and Campbell, 1978; Idriss et al., 2002; 
Liu et al., 2011). B. amyloliquefaciens is known to reduce 
fecal noxious gas emission and maintain intestinal microbiota 
equilibrium (Ahmed et al., 2014). Lactobacillus species are 
useful in fermented food production, and perform anti-fungal 
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Bioassay of M. anisopliae application to P. brevit
arsis subsp. seluensis larvae

To investigate the mortality inhibition effect of M. anisopliae 
in the control group, M. anisopliae-inoculated sawdust was 
obtained from a sample in which the P. brevitarsis  subsp. 
seluensis population had been wiped out due to M. anisopliae 
infection. This sawdust sample was mixed with water at a 
ratio of 3:1 (300 g of sawdust: 100 mL of water). Next, 10 g 
of M. anisopliae infected sawdust was placed in each petri 
dish (Diameter = 10 cm). Then, 5 ml of L. sp. 5-1. and B. 
amyloliquefaciens at varying concentrations were sprayed onto 
the M. anisopliae infected sawdust, ensuring even absorption 
into the sawdust. Stage 2 instars of P. brevitarsis  subsp. 
seluensis were starved for 24 hours. One P. brevitarsis subsp. 
seluensis instar was placed per petri dish, and the fatality rate 
measured every 5 days, for 30 days. 

Results and Discussion

M. anisopliae control by B. amyloliquefaciens

In testing B. amyloliquefaciens treatment, M. anisopliae-
infected P.  brevitarsis  were treated with OD600=1.5 
culture medium. The fatality rate recorded after 15 days 
was 46.6%, showing a decrease of approximately 22%, 
compared to the 68% seen in the control. The fatality rate 
of B. amyloliquefaciens -treated P. brevitarsis  remained 
below 1.5% after 10 days at all concentration levels ( 
Fig. 1). Although the fatality rate increased 10 days following 
B. amyloliquefaciens treatment with OD600=0.5, the overall 
fatality rate decreased by an average of 20% compared to 
the control (Data not shown). According to Lee’s article 
(Lee et al., 2017), Bacillus amyloliquefaciens in culture 
medium with an OD600 of 1.5 was the most effective at 
removing zearalenone. Hence, this was defined as the 
optimal concentration of B. amyloliquefaciens (OD600 = 1.5). 
A concentration of OD600 = 1.0 of B. amyloliquefaciens is 
calculated as 1 × 10

8
 cfu·ml

-1
 (Lee and Ryu, 2016), so it can 

be assumed that an OD600 of 1.5 contains more than 1 × 10
8
 

cfu·ml
-1
. In this experiment, the highest concentration of B. 

amyloliquefaciens was at OD600 = 1.5.

and anti-mycotoxin functions. While Lactic acid bacteria 
(LAB) which display anti-fungal properties mainly produce 
lactic acid, these acids are also able to generate formic, 
propionic, butyric, phenylllactic, hydroxyphenyllactic, and 
indole-3-lactic aicds (Guimaraes et al., 2018). These organic 
acids penetrate the fungal cell membrane to disrupt fungal 
metabolism and intracellular pH homeostasis, thus inhibiting 
the growth of fungi (Brul and Coote, 1999).

There has been an increasing trend in P. brevitarsis farming 
in recent times, due to more people consuming edible insects. 
As the scale of farming is increases, so does the risk for a 
higher incidence of fungal infections in P. brevitarsis. The most 
prevalent infectious fungal species is M. anisopliae, which 
accounts for approximately 80% of infections (Kwak et al., 
2018). During the course of this study, it was also observed 
that microorganisms such as Bacillus subtilis, Lactobacillus 
plantarum and yeast may all have an anti-fungal effect on M. 
anisopliae. Of these, L. sp. 5-1 and B. amyloliquefaciens were 
found to be safe for P. brevitarsis growth. Therefore, a strain 
each from these two species were selected for testing anti-fungal 
effects on M. anisopliae (Kwak et al., 2018). 

Material and Methods

Fungi and Bacteria culture

Fungal strain, M. anisopliae KACC40969 was obtained 
from the Korean Agricultural Culture Collection, Rural 
Development Administration, Wanju, Korea. M. anisopliae 
KACC40969 was cultured on Sabouraud dextrose agar (SDA; 
BD, Franklin Lakes, NJ, USA) for 2 weeks in an incubator 
at 24°C. Bacterial strains, B. amyloliquefaciens KACC10116 
and L. sp. 5-1 KACC19351 were obtained from the Korean 
Agricultural Culture Collection, Rural Development 
Administration, Wanju, Korea. The Bacillus strain was grown 
on Nutrient Agar (NA; BD, Franklin Lakes, NJ, USA), 
Reasoner’s 2A agar (R2A; BD, Franklin Lakes, NJ, USA), 
and the Lactobacillus strain on de Man Rogosa and Sharpe 
(MRS; BD, Franklin Lakes, NJ, USA), respectively, for 8 
hours in an incubator at 30°C. L. sp. 5-1 strain was diluted to 
concentrations of 2, 1.5, 1, 0.5, 0.25, and 0.125 measured at 
an optical density of 600 nm. B. amyloliquefaciens strain was 
diluted to concentrations of 1.5, 1, 0.5, 0.25, and 0.125.



10       11

Int. J. Indust. Entomol. 
Vol. 37, No. (1), pp. 9-14 (2018)

rate and thus, the fatality rate fell by approximately 19% in the 
treated group (Fig. 2). 

M. anisopliae control by B. amyloliquefaciens 
and L. sp. 5-1 combined treatment 

The purpose of this experiment was to test whether a 
combination of B. amyloliquefaciens and L. sp. 5-1 results 
in a synergistic effect compared to single treatments of each; 
however, the results did not indicate a significant difference. 
Infected sawdust was treated with a 1:1 combination of B. 
amyloliquefaciens: L. sp. 5-1, cultured in OD600 concentrations 
1.5, 1.0, 0.5, and 0.25. The fatality rate recorded after 15 days 
was 40%, which was a 30% decrease compared to the 70% 
seen in the control (Fig. 3). After 10 days, the fatality rate in the 
combined treatment decreased to approximately 1%, compared 
to the 20% recorded in the control. In summary, the combination 
decreased the 10-day fatality rate by 19% (Fig. 3). 

B. amyloliquefaciens and L. sp. 5-1 treatment of M. anisopliae-
infected P. brevitarsis did not demonstrate a noticeable difference 
in fatality rates. However, the fatality rate fell to 40% when 
treated with high concentration B. amyloliquefaciens and L. sp. 
5-1. In this case, the fatality rate was similar to that of 15 days 

M. anisopliae control by L. sp. 5-1
In this experiment, Metarhizium anisopliaee was as given a 

single application of L. sp. 5-1. According to studies by Huang 
et al. (2014) and Poppi et al. (2015), L. sp. 5-1 at concentrations 
of 10

7
, 10

8–9
, and 10

9–10
 cfu·ml

-1 
produced OD600 values of 1.0, 

1.5, and 2.0 respectively (similar results for OD600 = 2.0 were 
observed in culture media. It is known that colony forming units 
are lowered depending on the pH of the culture medium and the 
incubation time (Huang et al., 2014; Poppi et al., 2015). The 
effective microorganism combination of L. sp. 5-1 at an OD600 
of 1.0 (1 × 10

7 
cfu·ml

-1
) with B. subtilis and Saccharomyces 

cerevisiae were exposed to M. anisopliae, resulting in the 
inhibition of the growth of the entomopathogenic fungus (Kwak 
et al., 2018; Kwak et al., 2016). Therefore, this experiment was 
conducted by increasing or decreasing the concentration of L. sp. 
5-1, based on the concentration of L. sp. 5-1 at OD600 = 1.0 (Kwak 
et al., 2018).

At OD600=2, the mortality rate was around 40% after 15 days, 
which was a 28% decrease compared to that of the control. At 
OD600=0.5, the fatality rate recorded was 51.67%, showing an 
approximately 17% decrease. For L. sp. 5-1 single treatment, 
the fatality rate after 10 days was about 1.5% for most of the 
concentrations (Fig. 2). The control recorded a 20% fatality 

Fig. 1. P. brevitarsis mortality rate between B. amyloliquefaciens 
treatment and control groups in M. anisopliae sawdust. The 
mortality rate of control groups on third instar P. brevitarsis was 
about 68% after 15 days, but the mortality rate of the B.a. (OD600= 
1.5) treatment group was about 46%.

Fig. 2. P. brevitarsis mortality rate between L. sp.5-1 treatment 
and control groups in M. anisopliae sawdust. The mortality rate of 
control groups on third instar P. brevitarsis was about 68% after 15 
days, but the mortality rate of the L. sp. 5-1 (OD600=2) treatment 
group was about 40%.
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lactic acid alone may generate anti-fungal activity (Laitila et al., 
2002). 

LAB is reported to be highly useful for bio-preservation 
which is relevant to food safety with particular reference to 
cereal products. This may indicate a function for LAB as a food 
supplement, inhibiting potentially resistant molds (Russo et al., 
2017)

On the other hand, the mycotoxin adsorption ability of 
gram-positive bacteria is associated with the cell membrane 
component peptidoglycan of B. subtilis. The thickness of B. 
amyloliquefaciens and B. subtilis-originated peptidoglycan wears 
thin, which causes the glycosidic linkage to break, and the pore 
size of peptidoglycan consequently increases (Lee et al., 2017) 

B. amyloliquefaciens is known to produce inturin, a cyclic 
lipopeptide with antibiotic properties (Benitez et al., 2010). B. 
amyloliquefaciens and B. subtilis are closely associated, and the 
latter is also known to produce lipopeptide antibiotics including 
surfactins, inturins, bacillomycins, and mycosubtilis (Benitez et 
al., 2010).

In addition, lantibiotic subilin and mersacidin produced by B. 
amyloliquefaciens are peptides with anti-microbial properties. 
Lactic acids originating from B. amyloliquefaciens are known to 
reduce intestinal pH, and B. amyloliquefaciens is reported to be 
effective in reducing ammonia production (Ahmed et al., 2014)

Non-steroidal estrogenic mycotoxins generated by Fusarium 
species, such as Zearalenone, are known to, decontaminate food 
or feed. Compared to chemical methods such as the use of acids, 
bases, ozone, and hydrogen peroxide and physical methods such 
as irradiation, biological methods using effective microorganisms 
may be able to decontaminate food with minimal damage 
to nutrients in the food or feed and therefore offer a milder 
alternative to harmful decontaminants based on chemical 
methods (Lee et al., 2017). Further, B. amyloliquefaciens 
displays high tolerance to over 200 µg/ml ampicillin in honey 
(Li et al., 2009).

Another important function of Probiotics is resistance against 
potentially pathogenic microorganisms. For example, insect 
pathogens, B. cereus, and Listeria monocytogenes, associated 
with food poisoning and known to be harmful for humans 
and animals, are known to inhibit the growth of opportunistic 
fungi (Beloeil et al., 2003; Logan, 2012). B. amyloliquefaciens 
possesses probiotic  functions but is unable to produce 
enterotoxin, and therefore considered as safe to be applied to 
feed (Lee et al., 2017)

after B. amyloliquefaciens and L. sp. 5-1 treatment. Therefore, 
combined treatment did not demonstrate a synergistic effect 
of any considerable magnitude. The fatality rate following L. 
sp. 5-1 treatment (OD600=2) was 40%, whereas it was 46% 
following B. amyloliquefaciens treatment (OD600=1.5). The 
fatality rate decreased by 28% and 22%, respectively, compared 
to 68% in the control. However, L. sp. 5-1 concentration was 
higher compared to that of B. amyloliquefaciens. Hence, the 
anti-fungal inhibition of B. amyloliquefaciens is more effective 
when concentration levels are taken into account. At OD600, B. 
amyloliquefaciens was not cultured beyond the concentration 
level of 1.5.

Anti-fungal activity of LAB strains is known to be activated 
by combinations of various organic acids such as acetic, caproic, 
popionic, formic, butryric, and n-valeric acid. Broad anti-fungal 
activity takes effect in broad molds (Laitila et al., 2002). LAB is 
thought to be associated with hydrogen peroxide and many inter-
related factors apart from the generation of organic acid (Laitila 
et al., 2002). Therefore, it cannot be surmised that low pH and 

Fig. 3. P. brevitarsis mortality rate between B. amyloliquefaciens 
plus L. sp.5-1 treatment and control groups in M. anisopliae 
sawdust. The mortality rate of control groups on third instar P. 
brevitarsis was about 68% after 15 days, but the mortality rate of the 
B.a (OD600=1.0) plus L. sp.5-1(OD600=1) treatment group was about 
40%.
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In response to the growth of edible insect products for human 
consumption as well as for pet and animal feed, insect farming 
is on the rise. Therefore, application of useful microorganisms 
including LAB and B. amyloliquefaciens may be highly effective 
in the prevention and control of insect diseases. 
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