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ABSTRACT

Air conidia production of Beauveria bassianatrain CA-603 was studied based on modified diphasic system. The
biomass yield obtained in the first phase based on submerged cultivation of fungus was processed using
methodology providing different contact with air space. Our study indicated that productivity of the second stage of
diphasic system is had inversely proportional dependence on depth of liquid fungal biomass. Increase of biomass
depth is significantly decreased production of air conidia. Two methodology of biomass processing extending
contact biomass with air space including distribution of fungal material on surface of hygroscopic paper and starch
packaging peanuts were investigated. The novel substrates provided optimal contact between the submerged fungal
biomass and the air, and overall, conidial production was directly proportional to the total area of air-to-fungal
surface. Technologies based on the starch peanuts and hygroscopic paper were the most productive in comparison
to the common technology where the submerged culture was transferred to flat containers. The advantages and
disadvantages of these different production methods are discussed.
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INTRODUCTION Beauveria, Metarhizum and Lecanicillium.
Production and formulation technologies for these
Entomopathogenic and antagonistic fungi aréungi have been based largely on their aerial
important natural control agents that limitconidia form or on their submerged blastospores
numerous noxious organisms, and many importarfkleespies and Zimmermann 1992; Burges 1998;
pest problems can be remedied based on theBeshpande 1999; Vu et al. 2008; Gandarilla-
microorganisms. Presently, fungi are considered tBacheco et al. 2012). In general, however, fungal
be very important microbial pesticides (Ferronformulations for pest control contain aerial coaidi
1985; McCoy 1990; Goettel et al. 1995; Humbems the active and most stable ingredient. The
2000; Lacey et al. 2001; Gouli and Prishepa 2006)taditional fermentation equipment used in
and there are numerous formulations for théndustrial microbiology is based largely on the
control of different pests including; submerged cultivation of microorganisms and it is
phytopathogenic microorganisms, noxiousnot well-suited for the mass-production of the
nematodes, mites and insects (Kabaluk and Gazdderial conidia of fungi. Instead, cultivation orido
2005). The most well-known formulations aresubstrata is required for optimal yields, thus
based on antagonistic species from the geneadternative technologies for the mass-production of
Trichoderma, Gliocladium, Coniothyrium and microorganisms as biocontrol agents have been
entomopathogenic species from the generdeveloped over the past hundred years. Currently,
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there are two principal industrial mass-productioraddition, the separation of the conidia from the
technologies, each with numerous modificationssubstratum requires additional effort.

The first is a two-stage procedure or biphasidhere have been ongoing efforts to develop new
system, where the fungus is first cultivated as and better technology for the mass-production of
submerged culture and then is transferred to flahyphomycetous fungi. In particular the special
bottomed containers for additional growth androll-method” was proposed for both the mass-
sporulation. This type of technology is definechas production and application of fungi for pest
combined method (Sikura and Primak 1970) ocontrol (Gouli and Gouli 2007; Gouli et al. 2011).
diphasic production system (Kassa et al. 2008Jhe method is based on the use of double-layer
where after a defined period the fungus forms #olls and has opened a new possibility for the
superficial film of mycelia and aerial conidia. Theeffective  production and application of
film is then dried and formulated. This technologyentomopathogenic and antagonistic fungi for pest
was first developed at the Ukrainian Researchontrol. This method was proposed in concert with
Institute of Plant Protection (Telenga and Gorahn improved variation of the two-stage method
1966; Sikura and Primak 1970). The method hagsing starch packaging material (starch peanuts)
long-been employed because it is results in puf®r increasing the aeration of the biomass and
fungal propagules, unfortunately there is limitedabsorption of the fungal metabolites (Gouli et al.
information relating to certain technological 2008).

details. Logically, the depth of the liquid biomassThe goal of the research herein is to compare
in the production unit should significantly different modifications of the biphasic system
influence the formation of aerial conidia, where aechnology as it relates to the production of the
thin layer of biomass provides the maximumfungusBeauveria bassiana.

conidial production because only the upper part of

the material has optimal contact with the air.

Currently, only old publications on Russian andIATERIALSAND METHODS

Ukrainian have addressed this issue (Zacharshenko _ .

et al. 1963; Telenga and Goral 1966). The twobunga strain and submerged cultivation of the
stage method suffers from the disadvantages thatf {n9US _ _

is not highly productive, it demands a large ared Singlé strain of the entomopathogenic fungus
for production and special care must be taken tBe2uveria bassana, CA-603, was used for all
prevent microbial contamination. The second typ&*Periments. This strain was isolated from soil
of technology is based on various solid substratgP!léctéd in an avocado plantation in California,
including grains such as sorghum, rice, wheat, arff'd 1S deposited in both USDA ARS and
millet. For this method, the sowing material isfir YNiversity — of ~Vermont — Collections  of
prepared and then inoculated on the substratuffitomopathogenic  Fungal Cultures. — Fungal

which provides the optimal physical parameter&ulture from Ionog-storage at -80°C was short-term
for cultivation. The method is sometimes alsgictivated at 45°C, and then was cultivated using

termed as biphasic system. However this is norandard Potato Dextrose Agar (PDA) medium at

accurate because the first step is related to tifé+2 C for 12 days. Conidia for submerged

preparation of the sowing material which can p&ultivation were harvested from plates in a sterile
F‘gueous solution of 0.01% (v/v) Silwet-77

achieved using either submerged or solid substra ) ;
cultivation. Using this method, a satisfactoryltoveland Industries, Greeley, CO) and adjusted

. . _1 .
quantity of conidia per unit of substratum can bd® 5x10 conidia mL" using a hemocytometer. A 2

achieved and this technology is widely uses ik aliquot of this suspension was then used to
different countries (Taborsky 1992; Feng at g/inoculate 500 mL Erlenmeyer flasks with 100 mL
1994: Jenkins et al. 1998; Inglis et al. 2001; ¢eit Potato Dextrose medium which were incubated at

et al. 2002; Machado et al. 2010). The main4 C and 150 rpm for 71 h on an Exella E24
advantage of using a grain substratum lies in itf1cubator Shaker (New Brunswick Scientific, NJ).

productivity; however there are two difficulties in At€r 72 h, @ 1 mL sample was taken from each
implementing this technology. First of all, flask to determine the concentration of the

preliminary processing and sterilization of gragn i Plastospores. The fungal biomass obtained after
a power-and labour consuming process. submerged cultivation in flasks was adjusted to
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1x 10 blastospores-nik using sterile distilled Roll production system

water, and further processed for the production dbouble-layered rolls were used as the cultivation
aerial conidia using the traditional biphasic sgste unit for the liquid fungal biomass to obtain aerial
method, the method based on starch granules aodnidia. The inner layer was hydroscopic paper

the novel “roll method”. (Bounty Regular Roll, width 28 cm), and the
external layer was bubble packing material
Traditional biphasic system (United States Postal Service®, product Code

The liquid biomass from the submerged93009208, roll width 40 cm, bubble diameter 9.5
cultivation was transferred to stationary plates fomm). This external layer allowed for air
the production of aerial conidia. Four differentcirculation within the rolls. The total length dfet
depths of biomass were investigated for theolls consisted of 140 cm the hydroscopic paper
production of aerial conidia; 2.5, 5, 10, and 15five perforated sheets of 28 x 28 cm), and a
mm. The respective volumes to obtain theseorresponding length of the bubble packing
depths in standard sterile 100-15 mm diametanaterial. The fungal biomass after submerged
Petri dishes were 12.5, 25, 50, and 75 mL. Dishesultivation was uniformly distributed among the
were incubated at 24°C for 14 days in an aeratguhper at a rate of 250 mL per roll or 50 mL per
plastic box to prevent desiccation of the materialperforated sheet (Fig.1). This volume of biomass
After 14 days, the fungus formed a surface filmvas determined to be optimal based on the
with aerial conidia. Conidia were harvested byadsorption properties of the paper used.

flooding each film with 100 mL of sterile 0.02%
(v/v) Silwet-L77 (Loveland Industries), and
processed using a 10-Speed Blender (Osterizer)
high speed for 2 min. Conidial yields were
obtained as previously described. All treatment:
were replicated five times within an experimenta
replicate, and the entire experiment was repeate
three times.

Technology based on starch peanuts

A total of 10 g of starch peanut packing materia
was evenly distributed inside thermo resistan
polypropylene bags. The starch material inside th
bags was covered with a 10% whey powde
suspension (Agri-Mark Inc., Middlebury, VT) in

ethanol using a manual sprayer to prevent th
rapid destruction of starch after contact with the
liquid fungal material. After drying, the material _
the bags was sterilized using a microwave oveh!94"€1-
(Dural “Wave Microwave —System, General of bubble packing material providing roll

Electric) for 10 min. While microwaving, the e~ Dy

plastic bags were held over a container filled with gf' r?ﬂgggf big:,?;:g[eg Céng}g,er;doéatgr
water to prevent damage of the sterilized material. bioreactor.

After sterilization the starch material was treated

with the fungal biomass. Three doses of inoculum , : ,
were used for treatment; 10, 50, and 100 mL. Thg'.OCUIated rolis Were_ p[aced in plastic bags fitted
inoculated material was then incubated at 24°C f W'th perforated vgntllgtlon on both the_ top and
14 days. The sporulated fungal biomass from eaﬁ?}ottpm. The COUIt'Vat'On units were incubated
plastic bag was homogenized with 1 litre of O_Ozooerpcally at .24 C for 14 days. T_he number of
(v/v) Silwet-L77 in a blender for 2 min. Ten mL of aerial conidia on the hydroscopic paper were

: . . ounted by individually flooding sheets with 1 tite
g}liovrﬁjsi;légrcirla({glged 10 times, and the numbegf 0.02% (v/v) Silwet-L77, blending for 2 minutes,

and counted as previously described.

Principal diagram of the Roll-method for the
production of fungi: A — paper roll; B — roll
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Viability evaluation was determined to be the optimal depth of biomass
The conidia viability was estimated after dryingfor the greatest production of conidia using the
the sporulated fungal biomass. Suspensions &bur tested parameters. Consequently, the
conidia in water were adjusted to®ibnidia /mL  technology of using liquid biomass independent of
and distributed on the surface of PDA medium ira secondary support for conidiation was reliant on
an 8.5 cm-diameter Petri dish. The inoculatedolume to air contact. A depth of 2.5-3 mm was
material was incubated for a period of 20 hs athe minimum that could be used for the PDA
20£2°C, after which, the area necessary for thmedium in the flat containers, owing to the surface
calculation of the percentage of germinatedension of the biomass after cultivation.

conidia was fixed using lactophenol stain and
covered by a glass coverslip. The viability was 54

evaluated by calculating the number of germinatep i
conidia out of 100 for four different areas of the= I i

(S8}

Petri dish for each production unit.

2

Data analysis

The conidial yields were analyzed by varlance
(ANOVA) followed by Duncan’s multi range test 2 i
(MRT) (p < 0.05) using SPSS ver. 17.0 (SPS 10.0 150
Inc., USA, 2009). In addition, Pearson’s z
correlation tests (two tailed) were conducted using
the data in Figure 2 and 3 to examine the dosag€yure 2 - The number oBeauveria bassiana conidia
dependant response and finally, general linear (Mean + SE) produced in different depths
model (GLM) followed by Duncan’s MRTp(< of liquid biomass in Petri dishes.

0.05) was conducted as an overall comparison of

the data (Fig. 4).

—
I

ber of conidia (<1
( fean = SE) / ml

Depth of liquid biomass in Petrl dish (m)

Conidia production based on starch peanuts

The starch peanuts used were found to better
RESUL TS AND DISCUSSION support the contact between the mycelial biomass

with the air. A volume of 10 mL of biomass per 10
Depth of biomass and conidia harvest based on g of starch peanuts did not destroy the peanuts,
biphasic system while 50 and 100 mL partially-, and completely
In all methods tested, the fungal biomass obtainedlegraded the structural-integrity of the peanuts
from submerged cultivation produced a mycelial respectively. In general, the yield of aerial cdenid
film containing aerial conidia on surface of the = was dependent of the structural condition of the
cultivation units after two weeks of processing. starch peanuts, and the number of conidia
The number of aerial conidia produced in the Petrproduced was negatively correlated to the volume
dishes based on traditional biphasic system was of liquid biomass used (Coefficient of Pearson
found to be negatively correlated with the depth ofcorrelation = -0.911, N = 45, two-tailed; ** =
liquid biomass (Coefficient of Pearson correlation significant at the 0.01 level). In the lowest depth
=-0.827", N = 60, two-tailed; ** = significantat  the liquid biomass treatment (2.5 mm), the
the 0.01 level) (Fig. 2). At the lowest depth afth conidial productivity achieved 4.2 x 10
liquid biomass treatment (2.5 mm), the conidial conidia/mL, the best among the treatmerfs=(
productivity was 4.2 x 1Cconidia-mL*, and was  70.3, df = 3, 59P < 0.001). The highest conidial
the best among all of the pan treatmehts 0.3,  yield (7.0 x 18 conidia-mL’) was observed when
df = 3,59,P <0.001). 10 mL of biomass treatment was used along with
In general, an increase in the depth of the liquithe lowest amount of biomasE € 127.1, df = 2,
biomass in the cultivation container led to deceeas44, P < 0.001). This volume of inoculum for 10 g
in the yield of aerial conidia per mL of initial of starch peanuts resulted in the greatest nunfber o
fungal biomass (Fig. 2). air conidia per mL of initial material (Fig. 3).
The yield obtained from a minimal depth of 2.5The experiments with the starch peanuts
mm was 1.5, 11, and 13-fold greater than depths abnfirmed that the production of aerial conidia
5, 10, and 15 mm respectively. This minimal deptfirom submerged fungal biomass inoculum was
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dependent on biomass-air contact. The two-stageithin the culture method~= 87.4, df = 2, 11®
method and the novel technology based on stareh 0.001) and the amount of liquid biomass
peanuts show same pattern — the thinner the liquidoculated F = 41.5, df = 5, 122P < 0.001).
biomass layer, the greater the vyield of aeria o

conidia. The productivity of the first and second g

technology cannot be directly compared becauss 0::
the fungus received additional nutrition in the:Z;,
latter case in the form of the whey powder thaz,@:“
was used to preserve the structural integrity ef th2 g»:: '

| L -

810
&0 -

starch peanuts during sterilization.

Number

Petrt dish Starch peanuts Roll

3 =

P ()’ Amount of lLiquid biomass (ml) per cultivation unit

3 ~ 0

2% 50 . . . .
S0 Figure 4 - The number oBeauveria bassiana conidia

S 23 (Mean + SE) produced in the rolling papers
g3 .
£220 (lefty and the starch granules (right)
; 10 - inoculated with 50 mL of liquid biomass per

cultivation unit.
100 50 10

Amount of liquid biomass (ml) /10 g starch granules

Figure 3 - The number oBeauveria bassiana conidia  All of the systems tested in this study were found
(Mean + SE) produced in the different to be suitable for obtaining aerial conidia, and ca
amounts of liquid biomass per 10 g of starchbe used for practical application along with the
peanuts. common technology based on different types of

grain. The traditional biphasic system technology
has received the greatest attention to-date as this

Conidia production based on roll system technology provides pure conidia without

The roll production system provided the maximakdditional particles from the substrate used,

contact between the fungal biomass and the aimaking the product immediately suitable for spray

One standard roll of the Bounty Regular Roll (totakpplication formulations. In the case of the

area: 784 cfi) was capable of supporting 50 mL biphasic ~ system technology, relatively-high

of liquid fungal material. This volume is conidial yields can be achieved only when a thin
impossible to uniformly distribute among the nonjayer of the fermentation material is used. This
hygroscopic surface of the flat containers used idemands a large area for industrial production,
the first methodology due to the surface tension afhich is labour-consuming for the protection of
the liquid. The productivity of the roll production the  cultivation material from  microbial
system was similar to the highest conidial yieldgontamination. The second stage of the two stage
obtained using the starch peanut method. Thechnology can be achieved under non-sterile
number of conidia produced using 50 mL liquidconditions (Sikura and Primak 1970); however this
biomass per unit of paper was 4.9 x°10approach can result in dangerous contamination of
conidia-mL* (Fig. 4). This was not significantly the final products, particularly in the case of the
different from the yield of the conidia obtainedmass-production of different fungal formulations
from 50 mL of inoculum using starch peanuts as the same industrial facility.

the biomass-air supporg’(= 2.0, df = 28,P = The technology based on the starch peanuts has

0.053 in 2-sample t-tesk = 4.1, df = 1, 28P = several advantages in comparison with the

0.053 in ANOVA). common two-stage technology. First of all, this

Overall, the starch peanut medium incorporategechnology results in a significantly higher yieitl

with 10 mL liquid biomass was superior to theconidia. In addition, the starch peanuts absorb the

other treatments in the conidial productivify €  fungal propagules along with their metabolites. As

87.6, df = 7, 118P < 0.001) (Fig. 4).In this 3 result, this technology meets all of the necgssar

overall treatments, no less significant was foungreconditions for increasing the insecticidal
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activity of formulations using the starch peanutsiecessity for big industrial area etc. The greater
technology. The starch forms a liquid gel in waterpart of the problems can be solved based on use of
allowing for it to be used in spray equipment forthe Roll-method which provides the maximum
application of the starch-based formulations. harvest of air conidia and at the same time helps t
Conidia production based on roll system gives thavoid all enumerated problems. The Roll method
fungal material associated with hygroscopic papenf production of fungi provides a way to realize
Fungus colonizes both sides of paper includinghe mechanization and automation of technological
zones contacting with plastic babbles. The conidiprocesses. In addition, the method can simplify
can be easily separated from the paper carrier. Fformulation and application of fungal material
instance, the layer can be rinsed with a liquighsu both as spray of plant canopies and incorporation
as water, used to prepare the suspension far soil.

application to the environment. Because the layer

can be directly implemented during preparation of

the suspension, the interaction of people workinA\CKNOWLEDGMENTS
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