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The aims of this study were to compare the viability and biomass production of B. amyloliquefaciens and
M. oleovorans in different growth media, and the efficiency of a freeze-drying method as a possible formulation
process. B. amyloliquefaciens and M. oleovorans were grown in 100 ml of four different media. Media water
activity was modified at 0.99, 0.98, 0.97 and 0.96. Nutrient yeast dextrose broth (NYDB) and molasses soy
powder (MSB) media were selected and survival levels of cells were determined before and after the freeze-drying
process. B. amyloliquefaciens showed the highest survival after freeze-drying when grown in NYDB medium at
0.99 a,,, whereas, at 0.98, 0.97 and 0.96 a,,, the highest survival was obtained in MSB medium. M. oleovorans
showed the highest survival in MSB medium at 0.99 a,,. MSB medium was select for biomass production due to

high growth and survival after freeze-drying.
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Introduction

The use of biological strains with fungistatic or
fungicide characteristics in controlling plant fungal
diseases is one of the most promising alternatives to
chemical fungicides (Butt 2000). In crops such as
maize, seed treatment with biocontrol agents is the
most suitable method for controlling pathogens at the
rhizosphere level (Lewis 1991; Harman 1992; Hebbar
et al. 1992). Previous studies showed that Bacillus
amyloliquefaciens and Microbacterium oleovorans sig-
nificantly reduced Fusarium verticillioides count and
fumonisin B; and B, levels in maize grains (Pereira
et al. 2007, 2009). In physiological adaptation assays,
these strains were more tolerant to ionic and non-ionic
potential stress than matric potential stress (Sartori
et al. 2010). Therefore, cells of both biocontrol agents,
adapted to osmotic and heat stress, could be more
resistant to desiccation and pressure during freeze-
drying in an appropriate growth medium.
Formulation development involves a multi-
disciplinary approach, including microbial-plant ecol-
ogy and pathology, to clarify the interactions between
the biopesticide, pest and environment (Deacon 1991;
Whipps 1997; Butt and Copping 2000). Formulation is

necessary to optimize the efficacy, stability, safety and
ease of application of the product (Rhodes 1993). In
addition to biological considerations in choosing liquid
or solid fermentation and in the selection of growing
media and other system manipulations, the cost of these
materials, the amount of time the fermentation system
will be tied up and the labour involved must also be
considered. The use of cheap substrates from food
industries as nitrogen or carbon sources could be an
alternative to attain high density and low cost (Costa
et al. 2001). To reduce costs, inexpensive waste prod-
ucts, such as molasses, peanut hulls, maize cobs, fish
meal, various chitin sources, yeast extracts, soy bean
hulls and others, have been used for the production of
biocontrol agents (Fravel et al. 1999). Once an opti-
mized defined medium has been developed, a produc-
tion medium can be formulated by replacing the
nutritional components of the defined medium with
low-cost, complex substrates (Wraight et al. 2001).
Microbial physiology to optimize the fermentation,
formulation variables and chemistry were study to
select compatible adjuvants that sustain and promote
optimum activity of the active ingredient (Hynes and
Boyetchko 2006).
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Teixido et al. (2005) suggested that it is possible to
significantly improve environmental stress tolerance of
bacterial biocontrol agents by physiologically growing
them under conditions which facilitate synthesis of
useful compatible solutes. This improvement can also
give cross-protection during formulation against heat
stress. Significant improvements in water and heat
stress tolerance were observed when both biocontrol
agents, B. amyloliquefaciens and M. oleovorans, were
developed in media modified with glycerol. Cells of
B. amyloliquefaciens not only had better tolerance at
low a, but also showed better survival under heat
stress (Sartori et al. 2010).

Mass production is an important aspect in the
commercial development of a biocontrol product.
Commercial production requires low cost and high
cells densities, and optimization of nutritional and
environmental conditions (Lumsden and Lewis 1989).
An appropriate selection of growing medium is essen-
tial to optimise cell viability (Abadias et al. 2001).

Freeze-drying is the most convenient and successful
method of preserving bacteria, yeasts and sporulating
fungi (Berny and Hennebert 1991). Bacterial cell
survival during the freeze-drying process is dependent
on many factors, such as cell growth conditions,
protective suspension medium, initial cell concentra-
tion, freezing temperature and rehydratation
conditions (Zhao and Zhang 2005). Therefore, the
hypothesis is that cells of both biocontrol agents,
adapted to osmotic and heat stress, would be more
resistant to desiccation and pressure during
freeze-drying in an appropriate growth medium. The
aims of this study were to compare the viability and
biomass production of B. amyloliquefaciens and
M. oleovorans in different growth media plus the
efficiency of the freeze-drying method to produce a low
cost, highly effective and enhanced performance
formulation.

Materials and methods
Bacterial strains

The strains used in this study were Bacillus amyloli-
quefaciens (GenBank accession # EU164542) and
Microbacterium oleovorans (GenBank accession #
EU164543) (Pereira et al. 2009). These strains were
isolated from a commercial maize field and identified
on the basis of 16S DNA gene sequence similarity and
additionally identified based on their physiological
profiling according to Bergey’s Manual of Systematic
Bacteriology (Holt 1993).

Growth media and culture conditions

B. amyloliquefaciens and M. oleovorans were
grown in 200 ml of four different media: (1) nutrient

yeast dextrose broth (NYDB) [nutrient broth
gl +dextrose  (10gl™ Y +yeast (Sgl™'; (2)
Molasses soy powder (MSB) [molasses (20 g1™") +soy
powder (10g1™h]; (3) Sucrose yeast broth (SYB)
[sucrose (10gl™")+yeast extract (5gl™")] (Costa
et al. 2001); (4) Lactose tapioca peptone ammonium
sulphate broth (LTPAB) [lactose (12.7g17") + tapioca
(16.7g17") +peptone (8 gl~") +ammonium sulphate
(1.8 g17"] (Rao et al. 2007).

Media water activities were modified to 0.99; 0.98;
0.97 and 0.96 a,, using NaCl and glycerol (Dallyl and
Fox 1980). Each treatment was inoculated with 1%
fresh cultures of each strain of B. amyloliquefaciens and
M. oleovorans that was grown initially in tryptic soy
broth (TSB). Conical flasks were incubated on a rotary
shaker (140rpm) at 30°C. The growth in each treat-
ment was determined spectrometrically to 620 nm and
cell viability was estimated using the surface-plated
method. Sample dilutions were made in TSB and
spread-plated onto tryptic soy agar (TSA). Plates were
incubated at 30°C for 24h and the viable count was
expressed as colony forming units per ml (cfuml™).
The experiments were conducted in three replicates for
each treatment, and two independent assays. The
growth parameters g (generation time) and k& (constant
growth rate) were calculated by linear regression of the
exponential growth phase.

Inoculum production

NYDB and MSB media were selected. The water
activity of these media was modified to 0.99; 0.98; 0.97
and 0.96 a,, by adding different amount of NaCl
(Dallyl and Fox 1980).

To build up inocula, 1000-ml conical flasks con-
taining 200ml of medium were inoculated with 1%
(v/v) inocula of B. amyloliquefaciens and M. oleovor-
ans. Separately, the inocula were added aseptically to
each flask containing the medium at different a,, values
The inoculated flasks were incubated in a orbital
shaker at 140rpm and 30°C for 24h. Inoculated
cultures were serially diluted in nutrient broth and
spread-plated (100 pl) onto the surface of TSA plates to
estimate the inocula level. Plates were incubated at
30°C for 24 h and the initial number of colony forming
units per millilitre (cfuml™") was calculated (survival
levels before freeze-drying).

The cells were protected by the addition of 10%
sucrose solution before freeze-drying (Abadias et al.
2001). The conical flasks containing the inocula were
frozen directly at —20°C for 4h, then at —80°C for
24h; these were then connected to a freeze-drier
operating at a chamber pressure <0.05 mbar and
—45°C for 72h. The experiments were conducted in
three replicates and repeated twice.
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Table 1. Influence of growth media and water activities on growth parameters of B. amyloliquefaciens.

Growth media 0.99 ay, 0.98 ay, 0.97 ay, 0.96 a,,
NYDB » g:025h ¢ g:032h ¢ g:0.35h b g:048h a
k:2.76h7'a k:2.15h7'h k:1.97h7 !¢ k:143h7'd
MSB b g:0.20h ¢ g:0.26h ¢ g:035h b g:0.54h a
k:345h7'a k:2.65h7'h k:1.97h7 !¢ k:127h7'd
SYB ¢ g:0.60h ¢ g 0.52h ¢ g:0.67h b g 1.52ha
k:1.15h7 'a k:1.32h7'h k:1.03h7 !¢ k:045h7'd
LTPAB a g:038h ¢ g:037h ¢ 2:039h b g:0.49h a
k:1.82h7 'a k:1.84h7'h k: 1.76h7 ' ¢ k:140h7'd

Notes: Data with the same letter are not significantly different according to Duncan’s multiple range

test (P < 0.05).
g: generation time.
k: constant growth rate.

Determination of viability

From the freeze-dried samples, 0.5 g of each treatment
were rehydrated with 9 ml of nutrient broth, incubated
for 1h at room temperature, and homogenized with a
vortex mixer. Serial dilutions were spread-plated on the
surface of TSA plates. These plates were incubated at
30°C for 24 h and viable populations counted. Survival
levels were expressed as the number of colony forming
units per millilitre (cfuml™").

Statistical analysis

Analysis of variance (ANOVA) was made for growth
parameters and viable counts using a SAS program
(SAS System for Windows 6.11; SAS Institute, Cary,
NC, USA). To establish significant differences,
Duncan’s multiple range test (p <0.05) was
performed.

Results

Effect of growth media and osmotic potential on
bacterial growth parameters

B. amyloliquefaciens and M. oleovorans growth param-
eters in all media plus a, assay results are shown in
Tables 1 and 2. The constant growth rate (k) and
generation time (g) of B. amyloliquefaciens and
M. oleovorans at different a,, levels for each growth
medium tested was statistically significant (p < 0.05)
for the medium and four water activities (ANOVA
test). The k values decreased as the water activity level
decreased in all media, with the lowest number of
generations per unit of time at 0.97 and 0.96 a,.
Changes in a,, alone reduced the growth rate by more
than 60% between 0.99 and 0.96 a,, for B. amylolique-

faciens and 90% for M. oleovorans. Both bacteria

showed the highest reduction in k values at 0.96 a, in
MSB medium. The highest constant growth rate for B.
amyloliquefaciens and M. oleovorans was observed in

MSB medium at 0.99 a, (k=3.45 and 1.97h "
respectively). Both bacteria achieved the lowest dupli-
cation time (g=0.20 and 0.35h, respectively) under
these conditions. In NYDB medium, B. amyloliquefa-
ciens showed acceptable growth (k=2.76h~") and low
generation time (g=0.25h). Similarly, M. oleovorans
showed a growth rate of k=1.30h"" and a generation
time of g=0.53h. B. amyloliquefaciens and M.
oleovorans showed a growth rate reduction of more
than 60% to 40% and 38% to 30% in SYB and
LTPAB media, respectively, at 0.99 a,, compared to
MSB medium. The biomass obtained in SYB and
LTPAB media at 0.97 and 0.96 a,, was insufficient to
carry out the freeze-drying process. Based on the
growth parameters in MSB and NYDB media, both
were selected to obtain biomass for the freeze-drying
process.

Resistance of fieeze-drying
The cells of B. amyloliquefaciens and M. oleovorans
were grown in MSB and NYDB media. NaCl was
selected to modify media water activities as media
modified with glycerol did not dry completely during
the freeze-drying process. The addition of 10% sucrose
to growth media increased cell viability (data not
shown) and, therefore, sucrose was added to all
treatments. The viable count of B. amyloliquefaciens
and M. oleovorans before and after the freeze-drying
process are shown in Tables 3 and 4. Significant
differences in viable counts were observed before and
after freeze-drying. B. amyloliquefaciens showed a
better tolerance to freeze-drying when grown in MSB
medium at 0.98, 0.97 and 0.96 a,. M. oleovorans
showed better survival after freeze-drying in NYDB
medium at 0.99, 0.98 and 0.97 a,. No survival was
observed in NYDB medium at 0.96 a,.

The greatest difference in cell viability for B.
amyloliquefaciens was obtained at 0.99 a,, in NYDB
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Table 2. Influence of growth media and water activities on growth parameters of M. oleovorans.

Growth media 0.99 ay, 0.98 ay, 0.97 ay, 0.96 ay,
NYDB «a g:0.53h ¢ g:0.54h ¢ g 1.14h b g 1.26h a
k:130h7'a k:127h7'h k: 0.60h~! ¢ k:0.55h7 ' d
MSB a g:035h ¢ g:0.73h ¢ g:1.07h b g:555ha
k:197h7'a k:0.94h7' b k:0.64h7 !¢ k:0.12h7 ' d
SYB ¢ g:057h ¢ g 0.88h ¢ g:23lh b g:244h a
k:121h 'a k:0.78h7 ' b k:029h7 !¢ k:028h7'd
LTPAB b g:0.50h ¢ g:0.60h ¢ g:093h b g:098h a
k:138h7'a k:1.15h7 ' h k:0.74h7 ' ¢ k:0.70h~ ' d

Notes: Data with the same letter are not significantly different according to Duncan’s multiple range test

(» < 0.05).

Table 3. Viable count (logcfuml™") of Bacillus amyloliquefaciens before and after freeze-drying in NYDB

and MSB growth media.

NYDB MSB
ay Before freeze-drying After freeze-drying Before freeze-drying After freeze-drying
0.99 Stationary phase 7.92£0.46 Stationary phase 6.77£0.74
0.98 Stationary phase 4.30+0.99 Stationary phase 7.54+1.31
0.97 11.824+0.18 3.38£0.12 Stationary phase 5.08£0.87
0.96 11.274+0.62 3.34+0.49 Stationary phase 4.234+0.00

Table 4. Viable count (logcfuml™") of Microbacterium oleovorans before and after freeze-drying process in

NYDB and MSB growth media.

NYDB MSB
ay Before freeze-drying After freeze-drying Before freeze-drying After freeze-drying
0.99 Stationary phase 8.59+1.84 Stationary phase 8.81+0.91
0.98 Stationary phase 10.854+0.63 Stationary phase 8.824+0.09
0.97 Stationary phase 9.75+2.41 Stationary phase 7.69 +£0.55
0.96 7.42+0.09 - Stationary phase 7.24+0.10

medium (7.92 +0.46logcfuml™); at 0.98 a,, in MSB
medium, the count was 7.54 +1.31logcfuml™" after
freeze-drying. For M. oleovorans, cell viability after
freeze-drying was highest at 0.98 a,, in NYDB and
MSB media, with counts of 10.85+0.63 and
8.82£0.09 logcfuml™', respectively.

Discussion

The results obtained in this study show that the use of
MSB medium with molasses (20 g1™")+soy powder
(10g17"), supported a rapid growth rate and high
biomass production. Molasses used in our experiments
contained ~50% sucrose (Imrie 1969) and, in

agreement with Costa et al. (2001), this high sucrose
concentration may explain the high biomass obtained.
The low cost of molasses could be an advantage for
production of the biocontrol agents, B. amyloliquefa-
ciens and M. oleovorans, and it has been widely used in
the production of microorganisms (Reed and
Nagodawithana 1991). Soy powder contains more
than 40% protein, 56-60% carbohydrate and 2% fat
(Wickramanayake 1987) and, hence, is a good source
of nitrogen and carbon (Navaratnam et al. 1996).
In addition, its unsaturated fat can enhance microbial
enzyme production and secretion. Unsaturated fatty
acids increase the fluidity of the membrane (Nicholas
et al. 1985; Mishra 1989).
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The survival of biocontrol agents under field
conditions can be improved by the use of physiological
strategies (Cafiamas et al. 2008). In previous studies,
the physiological adaptation of B. amyloliquefaciens
and M. oleovorans showed that both strains were more
tolerant to ionic and non-ionic than matric stress
(Sartori et al. 2010). Many studies have reported that
modifying water potential in the culture medium can
increased cells’ tolerance to desiccation (Aleshina et al.
1986; Harman et al. 1991; Teixido et al. 1998). Cells of
B. amyloliquefaciens grown in liquid media modified
with glycerol not only had better tolerance of low ay,
but also showed better survival under heat stress
(Sartori et al. 2010). Teixido6 et al. (2006) suggested that
it is possible to improve stress tolerance in micro-
organisms during the formulation process without
affecting its biocontrol ability and, thus, improve its
behaviour with uncontrolled environmental condi-
tions. In this study, NaCl and glycerol were added to
modify the osmotic potential of growth media, with the
objective of obtaining cells osmotically adapted and
with improved viability during freeze-drying. This
adaptation also provided better cell performance
under field conditions. Freeze-drying is a three-step
process that ideally will result in an end-product with a
maintained structure that is easily reconstituted upon
rehydration (Tang and Pikal 2004). Good results were
not obtained by freeze-drying when the water activity
was modified with glycerol, due to its high point of
evaporation and its hygroscopicity. The freeze-dried
product obtained was very viscous and, therefore,
based on previous studies (Sartori et al. 2010), NaCl
was chosen as the osmotic solute to modify growth
media water activity.

B. amyloliquefaciens showed the highest viability
after freeze-drying in MSB medium, while M. oleovor-
ans showed good viability in MSB medium under all
water activities assayed. The advantages of freeze-
drying are protection from contamination or infesta-
tion during storage, long viability and ease of strain
distribution (Smith and Onions 1983). This study has
demonstrated that molasses (20g1~")+soy powder
(10 g1™") medium gave the best biomass production to
B. amyloliquefaciens and M. oleovorans, and showed
high viability and enhanced performance after freeze-
drying. The results have important implications in
optimizing the formulation process of proven bio-
control agents against F. verticillioides, in addition to
enhancing survival under environmental stress
conditions.
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