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Abstract.

Beauveria bassiana is an important entomopathogenic fungus that is widely used
as a bioinsecticide around the world. Conidia production is a critical step in the
production of high-quality bioinsecticide. This study investigated three liquid culture
mediums and five combinations of solid substrates to enhance conidia production by
B. bassiana. The fungus was isolated from infected insects in the cocoa plantation
of PT. Perkebunan Nusantara Xll in Kediri, East Java, Indonesia. The three culture
mediums were malt extract broth (MB), potato dextrose broth (PDB), and yeast and
malt extract broth (YMB). Five combinations of solid substrate were used: 100% rice,
100% maize, 75%:25% rice:maize, 50%:50% rice:maize, and 25%:75% rice:maize. The
biphasic system was used in this study, in which the fungus was first grown under
submerged conditions and then was allowed to conidiate in solid-state conditions. The
data showed that PDB was the optimum culture medium to produce blastophore and
beauvericin, the active compound that acts as a mycoinsecticide. In the selection test,
100% rice was the optimum solid substrate to produce high amounts of conidia, and
the consistency and production tests yielded the same results, with conidia counts of
1.93x109, 1.78x109, and 2.08x109, respectively. In a rice storability test, B. bassiana
conidia numbers remained stable for up to 105 days of storage at room temperature.

Beauveria bassiana, culture medium, solid-substrate, conidia, biphasic
system

The application of intensive traditional agriculture worldwide has raised problems due
to the massive use of synthetic insecticide. The number of insects that developed
resistance to chemical treatments was significantly increased [1], [2], as well as the
numerous health problems of the exposed populations [3], [4]. Consequently, the inno-

vation considering procedures and techniques to produce an environmentally friendly
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insecticide based on microorganisms as biocontrol agents (BCAs) is also gained atten-
tion for crop protection against pests. Entomopathogen fungi (EF) are recognized as
BCA with essential properties to combat insect pests with selective activities [5]. The
formulation and production of this type of bioinsecticide are already well-established
since the market for this product is also widely open [6]-[8].

Beauveria bassiana (Balsamo) Vuillemin, is a well-known EF and its role as BCA is
already proven because of its ability to infect a different insect population in almost all
insect orders [9]. The genetic variability of this fungus is high, which allows it to distribute
throughout the world from temperate to tropical areas. This EF worldwide distribution
is due to its adaptability to changing environmental conditions [10]. B. bassiana has
exclusive properties besides its performance as an EF. This fungus can also grow inside
plant tissues as an endophyte [11], have antagonistic activities against plant pathogens

[12], can colonize the rhizosphere, and can live saprophytically in the soil [13], [14].

Aerial conidia as propagules are produced by B. bassiana in which under natural
conditions has a function for dispersal and infection [15]. The flooding inoculation
method is commonly used to apply B. bassiana, which sets a condition for propagules
to interact with insects and the environment then starts an infective process. The
requirement of this ideal condition is the propagules should be at a high concentration
so that the interaction probability among fungi, insects, and the environment can be
increased. The purpose of increasing yields of infective propagule from B. bassiana

has been developed by applying new techniques and culture procedures.

Different methodologies were applied to produce a high amount of B. bassiana
spores. Both liquid and solid mediums can be used as a substrate for the mass produc-
tion of these spores. Two different spores can be formed depends on the medium
type. Conidia are produced in a solid substrate (aerial conidia), while blastospores
are produced in a liquid medium. The proportion of carbon and nitrogen source on
the medium can induce B. bassiana to form conidia under submerged culture [16].
Conidia can also be produced in a biphasic system, in which fungus is first grown under
submerged conditions to produce metabolic active blastospores and then allowed
to conidiate in solid-state conditions [17]. The main difference between conidia and
blastospore is their hydrophobic and hydrophilic properties. Aerial conidia are more
hydrophobic, making these types of spores more suitable for oil formulation, while
blastospore are hydrophilic, which has a disadvantage since their viability will lose in
a relatively short time during storage [18]. Therefore, solid substrate fermentation is

considered as a proper system for mass production of conidia from B. bassiana.
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Substrate selection for the fermentation process has to be determined to produce a
high number of conidia. This fungus can be cultivated in the synthetic liquid mediums
which are commonly used in the laboratory [19] or using defined mediums with an
adjusted C/N ratio from waste products [20]. As a solid substrate, rice grain has been
selected as the most common substrate for the production of conidia [21], [22]. Rice has
characteristics such as a proper C/N ratio, cheap, worldwide availability, uniform in size
and shape, easily hydrated, and has the best structural integrity after being colonized
by fungi. However, using a mixture between rice and agro-industrial wastes or other
grains can also be considered to give an added value [17].

Our laboratory has a local isolate of B. bassiana, isolated from infected insects in
the cocoa (Theobroma cacao) plantation of PT. Perkebunan Nusantara Xll, in Kediri,
East Java, Indonesia. This present study investigated a biphasic system to produce
maximal conidia production by these local B. bassiana. Three different liquid culture
mediums were selected to find the most suitable mediums to produce blastospore and
beauvericin in submerged culture, followed by selecting a solid substrate using five
different rice and maize grain combinations. Consistency and production test were done
to prove that the most optimal substrate in the selection step gave the consistent conidia
number. Furthermore, the quality of conidia in the dried powdered solid substrate was

quantified during storage at room temperature for 105 days.

21. Microorganism and submerged culture conditions

The morphological criteria described by Lacey [23] were used to identify the isolated
fungus, and these fungi were identified as B. bassiana. Potato Dextrose Agar (PDA)
was used to maintain the stock and working culture of B. bassiana at 28°C. Fungal
blastophores and beauvericin production were studied in the submerged culture at
28°C on a rotary shaker at 160 rpm for 6 days. Six days old of working culture were
prepared as inoculum by taking a full colony with a cork-borer. One hundred millilitres
of different culture mediums in 250 mL Erlenmeyer flask were inoculated aseptically

with three agar pieces with 1 cm in diameter fully grown by B. bassiana.
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2.2. Selection of liquid culture medium

For quantification of blastospore number and beauvericin content, B. bassiana were
cultivated in three different liquid culture mediums, which were Potato Dextrose Agar
(PDA), Malt Extract Broth (MB), and Yeast and Malt Extract Broth (YMB). Compositions of
1 liter of every medium were: infused potato, 200 g; and dextrose, 20 g for PDB, malt
extract base, 6 g; yeast maltose, 1.8 g; dextrose, 6 g; and yeast extract, 1.2 g for MB,
and malt extract base, 3 g; yeast extract, 3 g; peptone, 5 g; and dextrose, 10 g, for YMB.

Beauvericin content was determined as an additional indicator to select the most suit-
able liquid culture for blastophores production by B. bassiana. Mycelial mass, including
blastophores, was separated from the medium by filtration through filter paper using
a vacuum pump, followed by air-dried at room temperature. A method developed by
Moretti et al. [24] with modifications were used for beauvericin extraction procedure,
and quantification of beauvericin content was done using High-Performance Liquid
Chromatography (HPLC) following the protocol described by Logrieco et al. [25] with
modifications. Detailed modifications for beauvericin extraction and quantification of
beauvericin content from fungal samples developed by Roswanjaya et al. [19] were

applied in this research.

2.3. Solid-substrate selection for conidia production

Five combinations of solid substrates were used to cultivate B. bassiana. The detail
combinations of each mixture were: 100% of rice, 100% of maize, rice:maize (75%:25%),
ricexmaize (50%:50%), and rice:maize (25:75%). A clean-washed 100 grams of each
mixture was transferred into a 250 mL Erlenmeyer flask, moistened, and autoclaved at
121°C for 20 min. A biphasic fermentation system was applied, with the fermentation
conditions were 40% moisture content (v/w), 25°C culture temperature, the inoculum
concentration of 107 conidia/g wet solid substrates, 10% inoculum size, and 14 days
incubation time [26]. The culture was shaken every two days to well-distribute the

fungus growth on the solid substrate.

Fourteen days old conidiated substrates were harvested and dried using a tray system
at 35°C until the total weight was constant. The dried substrate was ground to form a
powder state and sieved through 3 sets of sieves with a mesh size of 18 (1 mm), 35 (0.5
mm), and 60 (0.25 mm) [27]. The powder containing conidia, passing through all three
sieve sizes, was stored before further quantification. The most optimum substrate for

conidia production was selected based on the highest viability number of conidia.
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2.4, Consistency and production test

The consistency test aimed to repeat the usage of the most optimum substrate to recon-
firm the conidia number resulting from the selection test. The fermentation condition
and processing steps were similar to that test. The consistency of the selected substrate
in producing high viable conidia was done by comparing the conidia number between
selection and consistency tests.

In the production test, a larger amount of optimum substrate was used to cultivate
B. bassiana. Unlike the selection or consistency test, autoclavable plastic bags were
used in the production test instead of the Erlenmeyer flask. One kilogram of substrate
was clean-washed, moistened, autoclaved, inoculated and fermented with the same
condition as the two tests before. The fermented substrates were gently hand-shaking
every 24 hours. The dried substrate was then ground, sieved and viable conidia numbers

were counted.

2.5. Conidia quality evaluation during storage

Conidia quality was evaluated based on the viable conidia number during storage for
some intervals of time. Twenty grams of conidia powder were put in the plastic clip then
stored in the dark condition at room temperature. The conidia powder was sampled at
8-time points (0, 15, 30, 45, 60, 75, 90, and 105 days after storage) to evaluate conidia
quality. The viable conidia numbers were counted at each time point, and the results

were compared among all time points.

2.6. Blastospore and conidia counting

The indirect method was used to count blastospore or conidia in terms of viability or
colony forming units (cfu). Those spores were allowed to germinate on the surface of
solid agar media, and the number of germinated spores was calculated as the number
of blastospore or conidia. One milliliter of liquid culture overgrown by B. bassiana or 1
gram of conidia powder was diluted with 9 mL of sterile distilled water. This suspension
was vortexed for 30 seconds. Serial dilutions were conducted until 10™ dilution time,
vortexing for 30 seconds at each dilution. A hundred microlliters of the fungal or conidia
suspension from 10° until 10'° dilution time were inoculated dropwise into the Petri disk
containing solidified agar medium. The suspension was homogenized on the medium’s

surface using a spreader. After free water was evaporated, the Petri disks were closed,
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sealed with parafilm and incubated for germination in the growth chamber at 25°C for
24 — 48 hours.

2.7. Experimental design and statistical analysis

All experiments were arranged in a completely randomized design. The blastospore
counting in this study was carried out in triplicate. However, the effects of the different
liquid mediums on beauvericin content were carried out once without replication. Five
replicates were carried out for each solid substrate combination, the quantification
of consistency and production test, and the evaluation of conidia quality at 8-time
points. We used R Studio ver. 1.4.1106 to conduct statistical tests. To compare the
blastospore or conidia number among treatments, we tested the average of viable
spore numbers for significance differences with ANOVA and a post-hoc Duncan test for

pairwise comparison with a 95% confidence interval.

3.1. Blastospore production of B. bassiana in different culture medi-
ums

In the selection of liquid culture medium experiment, we found that the blastospore
of B. bassiana can be produced in all three mediums tested (Figure 1A). However, the
blastospore numbers were different among the mediums after 6 days post-inoculation.
PDB was the most suitable culture medium to induce blastospore production. The
number of blastospores was 9.53x108 blastospore/mL, while in the YMB, blastopores
were found in the lowest number, 2.47x108 blastospore/mL. The fungal growth and spore
production, in general, were influenced by components of the nutrients in the medium,
mainly by carbon and nitrogen. B. bassiana does not need complex carbon or nitrogen
sources since the fungus can be well-grown on a medium containing simple carbon
like sucrose or glucose, nitrogen, and mineral components [28]. In the composition
of the YMB medium, carbon and nitrogen originated from two sources: dextrose and
malt extract and yeast extract and peptone. These double carbon and nitrogen sources
could induce B. bassiana to produce high biomass [19]. Mycelial mass as the indicator
of fungal growth was not measured in this experiment, but Roswanjaya et al. [19] has
reported that at 6 and 12 days post-inoculation, fresh mycelial biomass was highest

induced on the YMB compared to the PDB. The clear different medium compositions
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to induce high biomass or high blastospore production shows that specific nutrients

compositions were needed for the growth or reproduction of the B. bassiana.
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Figure 1: Blastospore production (A) and beauvericin content (B) of B. bassiana in three different culture
mediums for 6 days of inoculation. Different letters above the bars indicate statistical significance (p< 0.05)
as determined by the ANOVA test combined with Duncans’s post-hoc test.

Beauvericin is the most important toxin produced by B. bassiana and has insecticidal
activity [29]. In this experiment, beauvericin content was measured as an additional
consideration to select the most optimal medium in inducing blastospore production.
Beauvericin can be isolated from B. bassiana grown in all mediums (Figure 1B). The
pattern of beauvericin content was similar to the effect of the medium on blastospore
production. The highest beauvericin content was found in B. bassiana grown in PDB,
followed by the fungus grown in MB and the YMB. The effects of specific carbon and
nitrogen in the culture mediums on beauvericin content were hard to determine since
only the complete mediums were used in this experiment. The selection of the basal
medium with various defined carbon and nitrogen sources using response surface
methodology can be used to determine the effect of each component [30]. Apart from
that, our results show that PDB was not only optimal for blastospore production but also

for inducing the highest beauvericin content.

3.2. Selection of solid substrate for conidia production

After 14 days of incubation, and processing substrates through drying, grinding, sieving,
and conidia counting, the selection results demonstrated that 100% of rice was the best

substrate for conidia production, followed by the combination of rice : maize (75%:25%),
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rice : maize (50%:50%), and rice : maize (25%:75%) (Figure 2). Conversely, the result
shows that 100% maize grains were less suitable for conidia production than others.
The number of conidia for each substrate combination from the highest to the lowest
were: 1.93x10° conidia/g, 6.98x108 conidia/g, 3.57x10% conidia/g, 1.98x108 conidia/g, and
1.62x108 conidia/g of substrate, respectively. Our result was similar to experiments done
previously to conclude that the most optimal substrate for the production of conidia
by B. bassiana was rice grains [27], [31]-[33]. The different conidia number among
the experiments was caused by the different fermentation conditions that applied. In
contrast, our findings were opposite to Kreutz, et al. [34], which reported that optimal
substrates for B. bassiana conidiation were maize, with the resulted total number of
conidia was 3.27x10%/g. They did not use rice in their substrate selection, so we do not
know the conidia production if rice was used as a substrate in their system. Moreover,
the fermentation conditions were not detail mentioned in their report, makes a fair

comparison could not be made.
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Figure 2: Conidia production on different solid substrate combinations at 40% moisture level, 25°C,
inoculated with 10% inoculum containing 107 conidia/g wet substrate for 14 days. Different letters above the
bars indicate statistical significance (p< 0.05) as determined by the ANOVA test combined with Duncans’s
post-hoc test.

The clear pattern observed from our result was the effect of maize grains on conidia
production. The higher proportion of maize grains in the whole substrate, the lower
number of conidia counted. As a substrate, rice and maize acting as both a carrier

and nutrient sources. The nutrient compositions between rice and maize are different,
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making the nutritional balances in those grains also different [34], affecting the fun-
gal colonization and conidiation. The other condition that influences the fermentation
process during conidia production is the physical characteristic of the substrates [27].
Maize grains have a thicker cell wall structure than rice, making this substrate harder to
colonize and conidiate by B. bassiana even after autoclaved process [35], supporting
our results which conidia number in only maize substrate was the lowest. Unlike maize
cell structure, the thinner cell wall of the rice shows better hydration properties, which
makes this substrate perfect for mycelial growth and fungal conidiation. The hydration
properties also directly affected the structural integrity during colonization. In our obser-
vation, maize grains substrate or combination of the substrate containing maize grains

shows weaker structure integrity during the fermentation process.

In this experiment, the selection using the proportion of rice and maize was aimed
to increase nutrient concentration and enhance the substrate’s porosity. An ideal sub-
strate should maintain a proper porosity that supports its structural integrity during
fermentation, which keeps the superficial area to volume (A/V) ratio higher [31]. Our
result demonstrated that the substrates containing the rice and maize grains were not
increasing conidia production because of the maize grains sizes, which reduce the A/V
ratio in the total mixture. This fact suggests that other grains or products with better
nutrition compositions and higher A/V ratio should be considered to be used together

with rice.

3.3. Conidia production on consistency and production tests

Two different tests were applied to observe the consistency of rice in inducing conidia
production as high as in the selection test. It is recommended to select a substrate that
gives consistent results from batch to batch [31]. Our consistency test, which repeated
conidia production using the same condition as in the selection test, shows a similar
result on conidia number/g (Figure 3). However, compared to the selection test, the
conidia number/g in the consistency test was slightly lower (1.78x10° compared to
1.93x10° conidia/g). This slight reduction was no significant between these two tests
based on statistical analysis. Furthermore, this result suggests that rice was a consistent
substrate for conidia production by B. bassiana.

The second test also aimed to observe the consistency of rice as the most optimal
substrate was the production test. Different from selection and consistency tests, in
the production test, we used a larger volume of rice (10 times larger) and autoclavable

plastic bags instead of an Erlenmeyer flask. In this test, a similar conidia number/g
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Figure 3: Conidia production of B. bassiana in selection, consistency and production tests. Different letters
above the bars indicate statistical significance (p< 0.05) as determined by the ANOVA test combined with
Duncans’s post-hoc test.

resulted as in the selection and consistency test (Figure 3). The conidia number in this
production test was 2.08x10° conidia/g, a slightly higher from the previous two tests
but not a significant difference according to the statistical test. Observation of detailed
fermentation conditions in the production test indicates that plastic bags created more
favourable conditions for fungal colonization and conidiation. This plastic bag system
also provides better internal air circulation and higher heat removal [36], which induce

an optimal level of conidiation.

Rice which was proven as the best substrate for B. bassiana conidia production in
this research, has a high homogeneity in the sense of the particle size and geometry of
the substrate. According to Membirillo et al. [37], both size and substrate geometry affect
the fungal specific growth rate and is related to the production of the maximum enzyme
involved in the degradation of the substrate. Moreover, simpler nutrition products

resulted from substrate degradation, allowed maximal nutrients utilization by fungi and
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affected growth and conidia production. From this experiment, the rice homogeneity can
be confirmed as a factor that affects the homogeneous production of conidia resulted

from these three different tests.

3.4. Storage stability of the B. bassiana conidia at room tempera-
ture

The viability of B. bassiana conidia stored at room temperature was assessed. The
results showed that storage under room temperature, the viability of B. bassiana conidia
declined gradually along 8-time points observed with no significant differences among
values (Figure 4). After 105 days of storage, the number of viable conidia was 6.68x10%/g,
decreased about 30% from the initial number at day 0. This suggests that conidia were
still viable with a germination rate was 70%. A similar decreasing pattern of conidia
viability was also reported by Sy, et al. [38], who observed the germination percentage
of B. bassiana was reduced by 20-50% within 30 days of storage at 30°C. In contrast,
a high conidia germination rate, more than 85%, were retained in the samples stored
at 4°C for up to 24 months [39]. The germination rate was influenced by an interaction
between storage temperature and storage time. The low temperature can keep conidia
in the dormancy state longer and maintain the vigour of conidia, increasing conidia

longevity [40].
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Figure 4: The viability of B. bassiana conidia at 8-time points at room temperature. Different letters above the

bars indicate statistical significance (p< 0.05) as determined by the ANOVA test combined with Duncans’s
post-hoc test.

The conidia viability and germination speed are the most important properties for

entomopathogenic fungi [41] that should be evaluated during storage. The loss of
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attribute affecting the conidia effectiveness in a relatively short period has to be avoided
since the minimum desirable shelf lives for biological insecticides are 6 months under
controlled conditions [42]. In this present study, room temperature was used as a storage
temperature which the relative humidity and constant temperature were uncontrolled.
Those factors directly affect conidia’s physiological changes during storage and can
cause a decrease in its viability. The storage conditions and the use of additional
components to maintain the conidia stability during the fermentation process or storage

are suggested to be improved.

The biphasic system is the ideal two sequentially fermentation processes for conidia
production of B. bassiana. PDB was the optimal liquid culture medium to produce
blastospores in the submerged condition, whereas for the solid-state condition, rice
was the best substrate to induce maximal conidia production. Moreover, rice as a
substrate has already proven in resulting a consistent conidia number from batch to
batch. Additionally, rice substrate also has the properties to keep a high number of
viable conidia during storage up to 105 days. The substrate selection results obtained
from this study may be useful for efficient conidia production as the first step in B.

bassiana bioinsecticide formulation.

[11 Naggash MN, Gokce A, Bakhsh A, Salim M. Insecticide resistance and its molecular
basis in urban insect pests. Parasitology Research. 2016;115(4):1363-1373.

[2] Umina PA, McDonald G, Maino J, Edwards O, Hoffmann AA. Escalating insecticide
resistance in Australian grain pests: Contributing factors, industry trends and

management opportunities. Pest Management Science. 2019;75(6):1494-1506.

[3] Kim K-H, Kabir E, Jahan SA. Exposure to pesticides and the associated human health
effects. Science of The Total Environment. 2017;,575:525-535.

[4] Sabarwal A, Kumar K, Singh RP. Hazardous effects of chemical pesticides on human
health — Cancer and other associated disorders. Environmental Toxicology and
Pharmacology. 2018;63:103-114.

[5] Keyhani NO. Lipid biology in fungal stress and virulence: Entomopathogenic fungi.
Fungal Biology. 2018;122(6):420—-429.

DOI 10.18502/kls.v7i3.11169 Page 659



KnE Life Sciences
PGPR 2021

[6] Olson S. An analysis of the biopesticide market now and where it is going. Outlooks
on Pest Management. 2015;26(5):203-206.

[7] Damalas CA, Koutroubas SD. Current status and recent developments in biopesticide
use. Agriculture. 2018;8(1):1-6.

[8] Arthurs S, Dara SK. Microbial biopesticides for invertebrate pests and their markets

in the United States. Journal of Invertebrate Pathology. 2019;165:13-21.

[9] Vega FE, Goetell MS, Blackwell M et al. Fungal entomopathogens: New insights on
their ecology. Fungal Ecology. 2009;2(4):149-159.

[10] Garrido-Jurado |, Marquez M, Ortiz-Urquiza A et al. Genetic analyses place most
Spanish isolates of Beauveria bassiana in a molecular group with word-wide
distribution. BMC Microbiology. 2011;11(1):84—94.

[11] McKinnon AC, Saari S, Moran-Diez ME, Meyling NV, Raad M, Glare TR. Beauveria
bassiana as an endophyte: A critical review on associated methodology and
biocontrol potential. BioControl. 2017;62(1):1-17.

[12] Ownley BH, Griffin MR, Klingeman WE, Gwinn KD, Moulton JK, Pereira RM. Beauveria
bassiana: Endophytic colonization and plant disease control. Journal of Invertebrate
Pathology. 2008;98(3):267-270.

[13] Quesada-Moraga E, Lépez-Diaz C, Landa BB. The hidden habit of the ento-
mopathogenic fungus Beauveria bassiana: First demonstration of vertical plant
transmission. PLOS ONE. 2014;9(2):e89278— 892713

[14] Garrido-Jurado |, Ferndndez-Bravo M, Campos C, Quesada-Moraga E. Diversity
of entomopathogenic hypocreales in soil and phylloplanes of five mediterranean
cropping systems. Journal of Invertebrate Pathology. 2015;130:97-106.

[15] Mascarin GM, Jaronski ST. The production and uses of Beauveria bassiana
as a microbial insecticide. World Journal of Microbiology and Biotechnology.
2016;32(1):177-202.

[16] Hegedus DD, Bidochka MJ, Miranpuri GS, Khachatourians GG. A comparison of the
virulence, stability and cell-wall-surface characteristics of three spore types produced
by the entomopathogenic fungus Beauveria bassiana. Applied Microbiology and
Biotechnology. 1992;36(6):785-789.

[17] Lopez-Perez M, Rodriguez-Gomez D, Loera O. Production of conidia of Beauveria
bassiana in solid-state culture: Current status and future perspectives. Critical
Reviews in Biotechnology. 2015;35(3):334-341.

[18] Mascarin GM, Jackson MA, Behle RW, Kobori NN, Junior ID. Improved shelf life

of dried Beauveria bassiana blastospores using convective drying and active

DOI 10.18502/kls.v7i3.11169 Page 660



KnE Life Sciences
PGPR 2021

packaging processes. Applied Microbiology and Biotechnology. 2016;100(19):8359—
8370.

[19] Roswanjaya YP, Saryanah NA, Nawfetrias W, Rosdayanti H, Putri AL. Selection of
culture medium and incubation time for growth and production of beauvericin by
local Beauveria bassiana. Advances in Biological Sciences Research 2021;13(5):59—
65.

[20] Pham TA, Kim JJ, Mm SG, Kim K. Production of blastospore of entomopathogenic
Beauveria bassiana in a submerged batch culture. Mycobiology. 2009;37(3):218—
224,

[21] Puzari KC, Sarmah DK, Hazarika LK. Medium for mass production of Beauveria
bassiana (balsamo) vuillemin. Journal of Biological Control. 1997;11(1&2): 97-100.

[22] Xie L, Chen HM, Yang JB. Conidia production by Beauveria bassiana on rice in solid-
state fermentation using tray bioreactor. Advanced Materials Research. 2013;610—
613:3478-3482.

[23] Lacey LA. Manual of techniques in insect pathology. Academic Press, Wapato USA,;
1997.

[24] Moretti A, Logrieco A, Bottalico A, Ritieni A, Randazzo G, Corda P. Beauvericin
production by Fusarium subglutinans from different geographical areas. Mycological
Research. 1995;99(3):282-286.

[25] Antonio L, Antonio M, Ritieni A et al. Natural occurrence of beauvericin in preharvest
Fusarium subglutinans infected corn ears in Poland. Journal of Agricultural and Food
Chemistry. 1993;41(11):2149-2152.

[26] Pham TA, Kim JJ, Kim K. Selection of solid-state fermentation for improved
conidia production of Beauveria bassiana as a mycoinsecticide. Mycobiology.
2010;38(2):137-143.

[27] Posada-Flérez FJ. Production of Beauveria bassiana fungal spores on rice to control
the coffee berry borer, Hypothenemus hampei, in Colombia. Journal of Insect
Science. 2008;8(1): 1-13.

[28] Iskandarov US, Guzalova AG, Davranov KD. Effects of nutrient medium composition
and temperature on the germination of conidia and the entomopathogenic activity
of the fungi Beauveria bassiana and Metarhizium anisopliae. Applied Biochemistry
and Microbiology. 2006;42(1).72-76.

[29] Strasser H, Vey A, Butt TM. Are there any risks in using entomopathogenic
fungi for pest control, with particular reference to the bioactive metabolites
of Metarhizium, Tolypocladium and Beauveria species? Biocontrol Science and
Technology. 2000;10(6):717-735.

DOI 10.18502/kls.v7i3.11169 Page 661



KnE Life Sciences
PGPR 2021

[30] Lee HS, Song HH, Ahn JH, Shin CG, Lee GP, Lee C. Statistical selection of
growth medium for the production of the entomopathogenic and phytotoxic cyclic
depsipeptide beauvericin from Fusarium oxysporum KFCC 11363P. Journal of
Microbiology and Biotechnology. 2008;18(1):138—-144.

[31] Jenkins NE, Heviefo G, Langewald J, Lomer CJ. Development of mass production
technology for aerial conidia for use as mycopesticides. Biocontrol News and
Information 1998;19(1):21-32

[32] Tarocco F, Lecuona RE, Couto AS, Arcas JA. Selection of erythritol and glycerol
accumulation in conidia of Beauveria bassiana by solid-state fermentation,
using response surface methodology. Applied Microbiology and Biotechnology.
2005;68(4):481-488.

[33] Ye SD, Ying SH, Chen C, Feng MG. New solid-state fermentation chamber for bulk
production of aerial conidia of fungal biocontrol agents on rice. Biotechnology Letter.
2006;28(11):799-804.

[34] Kreutz J, Vaupel O, Zimmermann G. Efficacy of Beauveria bassiana (Bals.) vuill.
against the spruce bark beetle, Ips Typographus L., in the laboratory under various
conditions. Journal of Applied Entomology. 2004;128(6):384—389.

[35] Latifian M, Rad B, Amani M, Rahkhodaei E. Mass production of entomopathogenic
fungi Beauveria bassiana (Balsamo) by using agricultural products based on liquid-
solid diphasic method for date palm pest control. International Journal of Agriculture
and Crop Sciences. 2013;19:2337-2341.

[36] Figueroa-Montero A, Esparza-lsunza T, Saucedo-Castafieda G, Huerta-Ochoa S,
Gutiérrez-Rojas M, Favela-Torres E. Improvement of heat removal in solid-state
fermentation tray bioreactors by forced air convection. Journal of Chemical
Technology & Biotechnology. 2011;86(10):1321-1331.

[37] Membrillo |, Sdnchez C, Meneses M, Favela E, Loera O. Particle geometry affects
differentially substrate composition and enzyme profiles by Pleurotus ostreatus
growing on sugar cane bagasse. Bioresource Technology. 2011;102(2):1581-1586.

[38] Sy VE, Schalamuk S, Scorsetti AC, Botto IL. Volcanic materials as carriers for the
formulation of mycoinsecticides using the fungus Beauveria bassiana. International
Journal of Agriculture and Natural Resources. 2016;43(2): 273-282.

[39] Kim JC, Lee MR, Kim S et al. Long-term storage stability of Beauveria bassiana
ERL836 granules as fungal biopesticide. Journal of Asia-Pacific Entomology.
2019;22(2):537-542.

[40] Villamizar LF, Nelson TL, Jones SA, Jackson TA, Hurst HRK, Marshall SDG. Formation

of microsclerotia in three species of Beauveria and storage stability of a prototype

DOI 10.18502/kls.v7i3.11169 Page 662



KnE Life Sciences
PGPR 2021

granular formulation. Biocontrol Science and Technology. 2018;28(12):1097-1113.
[41] Faria M, Lopes RB, Souza DA, Wraight SP. Conidial vigor vs. viability as predictors

of virulence of entomopathogenic fungi. Journal of Invertebrate Pathology.
2015;125:68-72.

[42] Faria M, Hotchkiss JH, Wraight SP. Application of modified atmosphere packaging
(gas flushing and active packaging) for extending the shelf life of Beauveria bassiana

conidia at high temperatures. Biological Control. 2012;61(1):78—88.

DOI 10.18502/kls.v7i3.11169 Page 663



	Introduction
	Methodology
	Microorganism and submerged culture conditions
	Selection of liquid culture medium
	Solid-substrate selection for conidia production
	Consistency and production test
	Conidia quality evaluation during storage
	Blastospore and conidia counting
	Experimental design and statistical analysis

	Result and Discussion
	Blastospore production of B. bassiana in different culture mediums
	Selection of solid substrate for conidia production
	Conidia production on consistency and production tests
	Storage stability of the B. bassiana conidia at room temperature

	Conclusion
	References

