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ABSTRACT

The aim of the present work was to study the effeatoisture content and inoculum on the growth aadidia
production byBeauveria bassianan wheat bran (WB).The highest growth ratdobassian#85.2 on WB media
was obtained at 1.0, with no detected growth at,a 0.97. Solid-state fermentation (SSF) using WB%6
moisture; a=1.0) achieved a maximal yield of 1.18X1@onidia per gram of dry substrate (gds). This giel
decreased one order of magnitude with higher maastontents or the addition of sugarcane bagas&BjSas a
texturiser. In SSF using WB (66% humidity),the timebtain a yield of 1x18 conidia/gds, referred to ag,f could
be predicted using a model considering common ilocudevels and maximal yields. For instangg,was 285 h
with an inoculum of 1xfCconidia/gds; however;dwas reduced to 232 h and 148 for inocula of Pxartd 5x10
conidia/gds, respectively. The estimation,g¥alues allowed both comparison between the cidtare prediction
of harvesting times in production processes. Vafoesiydrophobicity were within 90 and 92%, where#bility
averages were around 70% for all the cultures
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INTRODUCTION et al 1999). Interest for industrial production has
increased over the past few years, and in faatgthe
Organic farming requires practical and suitabléire commercial products based on conidiospores
approaches to substitute the chemical pesticided this fungus (Fuguest and Vey 2004).
used in crop fields worldwide. Biological control In order to produce conidia of entomopathogenic
is considered an important part of integral pestungi at industrial level, there are two main
management (IPM), which also is anmethods, submerged fermentation (SmF) and
environmental friendly alternative (Fuxa 1987).solid-state fermentation (SSF); however in SmF,
Beauveria bassian& widely extended in nature; entomophatogenic fungi mainly produce
this fungus has the potential to control a widéblastospores and conidia yields are low (Feng.et al
range of insect pests. Additionally, it is innocaou 2000). Conversely, in SSF, the growth of
for human and other mammals (Fuxa 1987; Arcaglicroorganisms is achieved over solid supports
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with substantially low levels of water (Pandeywater for routine experiments was added prior to
2003). There are some key factors affecting thesterilization; the rest of water was added
growth and conidial production in SSF and it isafterwards, containing conidial inoculum and
important to know their influence in the processesDextrose Sabouraud broth as described earlier.
Some of these main factors are temperature, pHhree bottles for each moisture value were
substrate (type and concentration), and moistuieoculated with a final concentration of 5 x’10
content (Barranco-Florido et.aP002; Larroche conidia per gram of initial dry substrate (gds).
1996; Arzumanov et aP005). Cultures were incubated at 28 + 0.5 °C for 14 days.
The aim of this work was to evaluate the effect ofafter this period, conidia were harvested and
moisture content and inoculum size on the growtkounted using a Neubauer chamber in an optical
and conidia production byBeauveria bassiana microscopy at 40X.
using wheat bran as a substrate. Sugar cane
bagasse as a texturiser was also analyzed in theSgbstrate Mixtures
cultures. Also, a criterion was proposed based oMlixtures of wheat bran and sugar cane bagasse
times for reaching suitable conidial yields, whichwere prepared in the following proportions (w/w):
could be relevant for the prediction of harvestingl00/0, 70/30, 50/50, 30/70. Humidity was adjusted
times and for proper culture comparison. to 66% in vials containing one gram of these
mixtures prior to sterilization and inoculation as
described above. Conidial production was
MATERIALS AND METHODS determined in triplicate after 14 days from the
samples for every mixture.
Microorganism propagation
The strain of Beauveria bassiana885.2 was Inoculum level
propagated on 4% (w/v) Dextrose Sabouraud Agdvledium was prepared by taking one gram of
(DSA). This strain belongs to theniversidad wheat bran as mentioned above. Three levels of
Autonoma  Metropolitana culture  collection. inoculation were assayed: 1 x°1@ x 16 and 5 x
Conidia were harvested after cultivation for 7 tol0’ conidia/gds. Bottles were incubated at 28 °C
10 days at 28 + 0.5 °C and stirring the culturéawit for up to 18 days; every 24 h conidial yields were
a 0.05% (v/v) aqueous solution of Tween 80 for 10letermined as described above for three
min. For both conidial density and radial extensionndependent bottles from each treatment. Results
rate assays, conidia were point inoculated imvere adjusted to the best fit to the exponential
triplicate in the center of Petri dishes containingnodel described below by the Solver routine
wheat bran (10%) as the only nutrient source plugExcel, Microsoft) adjusting the values fafyand
agar (15 g/L). This medium was alsok. Then, the time value (h) for achieving a level of
supplemented either with components of & x 10° conidia/gds was calculated; this value was
synthetic medium (Alves et.a2002) or standard referred to asy,. The exponential model was the
4% (w/v) Dextrose Sabouraud broth diluted (1:2following:
previously. Ethylene glycol (0 to 20%) was useddy _
as a water activity (g depressor in these media y; ~
(Mor.lt'leI-GonzaIez et aI200'4),. which allowed the ; _ 0,y =y:and fort — o, ¥ — Yma the
modification of g \_/a_tlues within a range of 1_.0 to corresponding equation is as follows:
0.93. Water activity was evaluated using a
hygrometer (Acualab, Cx-2, Labsenscientific CoY= Yo * (Ymax—Y0) * (1 - e
USA, 1952). All media were sterilized at 15 psiWhere:
(121.5°C) for 15 min. Inoculated cultures wereYo: Initial inoculum (conidia/gds).
incubated at 28 + 0.5 °C for 14 days, then conidi¥max Maximal yield (conidia/gds).

ke (Ymax— Yo), resolving for

were harvested and counted. y: Yield at time “t” (conidia/gds).
t: Time (h).
Solid-state fermentation k: Specific production rate (1/h).

One gram of wheat bran was placed in 75 mL

serological bottles. Moisture was adjusted to 66;lydrophobicity

75 and 80% by adding 2, 3 and 4 mL of distilledThis was determined by the phase exclusion
water, respectively. Half of the proper amount ofnethod (Boucias et al 1988; Jeffs and
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Khachatourians, 1997). Fresh harvested conidisubstrate on which it was growing. The values for
suspension was centrifuged at 8000 x g during 3fadial extension rate markedly enhanced (between
min; conidial pellet were then washed twice withl0 and 15%) after the addition of liquid media
deionized water at 50°C before suspension ireported by Alves et al(2002) or a standard
acetate buffer (0.1M, pH 6.0). This was mixedDextrose Sabouraud broth. This behavior was
with equal volumes of toluene and refrigeratedsimilar to that reported by Kamp and Bidochka
overnight. Then aqueous phase was excluded fro(2002) who found better growth f&. bassianan

the organic phase and was measured at 600 rmore complex media. OWB. bassianastrainwas
using the same acetate buffer as a blankiery sensitive to variation in water activity,Ja
Hydrophobicity was calculated using following since radial extension rate decreased frommiih

equation: (at 8, = 1.0) down to 15um/h (at @ = 0.981) in
_(Ao—Anm), sole wheat bran medium (Fig. 1), with no

H= A 100 detectable growth at,asalues lower than 0.97 for

Where- all the analyzed media. These findings were in

accordance to Gervais et #1988) who worked
with other filamentous fungi suctPenicillium
roqueforti and Trichoderma virideand described
that a value of @aclose to 1.0 was the best for
fungal growth. Nevertheless, for somepergillus
Viability st:jains_ able]c tof grov(\)/ 9i85 sdolid ferrgesglégtiﬁn;j a
. e : . . reduction of g from 0. own to 0. ad a
Analysis of viability were carried out in Petri much less marked effect on specific growth rate

dishes in triplicate with SDA (4%) medium L , : .
containing yeast extract (1 g/L) and Soolium(Loera and Viniegra-Gonzéalez, 1998; Montiel-

deoxycolate (1 g/L) which made the colonies moré;onzalez et al2004).
compact for easy counting. pH was adjusted to 6.0 .
using HCl (1 N) solution. Petri dishes wereMo'.Sture content . : .

inoculated with 200L of conidial suspension from Solid-state fe_rmentatlon aII(_)ws the manipulation
a proper dilution in order to have 300 conidia pePf Qv values in _order to adjust this parameter to
plate. Plates were incubated at 28 + 0.5 °C for eartlcular requirements by fungal strain as

days and then number of colonies was counte&sl;]%nt'ggi?]e aﬁ;}’:‘r‘ -rrg\‘/?/thsnag Od?olln b;fji?r;g‘
The conidia viability was calculated using W 9 ag=d.0.

following equation: analyze the conidial yields at,=l.0, moisture
' content was assayed at three levels in wheat bran

H: Conidia hydrophobicity (%)
Ao: Blank absorbance
An: Aqueous phase absorbance

- * medium: 66% (minimum value to assukg=4.0),
V= / 300) * 100 75% and 80%. The effect of culture moisture on
Where: idial vields is sh din the Fio. 2. Conidial
V: Conidia viability (%) conidial yields is showed in the Fig. 2. Conidia

yield decreased one order of magnitude when
moisture content increased from 66 to 80 %, with
Statistics Analysis values of 1.18 + 0.34 (x 19 conidia/gds and 1.85

+ 0.21 (x 10) conidia/gds, respectively. This

\(/: z:rri];kj)ll?a %g?:ciglegs uvsvi?]” aosneev\?vg Tﬁé‘gﬁﬂnding could be related to the fact that when wate
9 y content was raised in the substrate, pores were

analysis by the means of NCSS statistic softwarﬁ" ed and oxygen mass transfer coefficient

with a significant coefficiené = 0.05. diminished (Pandey 2003; Durand et &b88).

The best relative humidity (66%) found in this
study was similar to those values reported for
conidia production byB. bassiandn other media.

. These reported media included the mixtures of
Effect of water activity waste potatoes residues and sugar cane bagasse
Wheat bran could support the growth & (50 4094) (Dalla-Santa et.&004; 2005), or wheat

bassianawhen used as the only nutrient in they ., and rice straw (7:3, wiw) (Kang et2005)
medium. Radial extension rate was considered as B '

an estimation of the fungal ability to colonize the

n: Colony number

RESULTS and DISCUSSION
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Figure 1- Effect of water activity (@ on B. bassianaadial extention rateum/h) grown on wheat
bran agar medium with Ethylene glycol as depresRasults showed are means of
triplicates andbserved variations were within 12% of means values
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Figure 2 - Effect of moisture content (a= 1) onBeauveria bassianaonidial yields (conidia/gds) in
SSF with wheat bran as substratum. Columns witferdifit letters showed significant
differences P < 0.05).

Substrate mixtures per gram of wheat bran, independently to the
Sugar cane bagasse can function as a texturiser énount of texturiser, yields did not present
increasing the porosity and mass transfer duringignificant differences among the mixtures, with
SSF. Table 1 shows the effect of this texturiser imverage production close to 1 x*d@onidia/gds
mixtures with wheat bran on conidial yield. (Table 1). This behavior was similar to a report by
Reductions in conidial yields were proportional toArzumanov et al (2005), who described that in
the amount of sugar cane bagasse added to ev8$F using ground rice and sugar cane bagasse
mixture; in fact, in the mixture with the highest(50:50), Metarhizium anisopliaegrew almost
amount of sugar cane bagasse (70%), thexclusively on rice particles, and the yield of
production was 2.6 + 0.9 (x 90conidia/gds, conidia per gram of total dry matter was lower
which represented a reduction of 77% compared tihan that obtained in SSF with only rice as a
that with no addition of sugar cane baggasesubstrate.

However, when vyield was referred to as conidia
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Table 1 - Effect of substrate mixtures between wheat bran \\A#8] sugar cane bagasse (SCB) on conidial yields
(conidia/gds). Yields results are also presentegiims of WB alone. Different letters mean sigrifit differences

(P <0.05)
WB / SCB Total yield Yield on WB
(%) (x 10) (x 10°)
100/0 11.5+044 a 11.5+0.44 a
70/30 6.65+0.49 b 9.50+0.70 a
50/50 490+ 1.8b 9.80+3.68a
30/70 2.60+0.99 b 8.33+3.30a

Inoculum levels: It is convenient for SSF systemsinoculum (1 x 18 conidia/gds); however, this
to know the effect of inoculum size on the finalvalue could be reduced to 20% and 50% for higher
values for any relevant parameter. Fig. 3 showeihocula, since values fdi, were 232 and 148 h
that the maximal conidia levels were 1.08 + 0.19sing 7 x 18 or 5 x 10 conidia/gds, respectively.
(x 10", 1.20 + 0.82 (x 1) and 1.53 + 1.10 (x A level of 10 conidia/gds is commonly
10" conidia/gds for inoculum sizes of 1 x°1@ x recommended as inoculum in the cultures of
10° and 5 x 10 conidia/gds, respectively. After entomophogenic fungi (Dalla-Santa et aD04;
adjusting the data to the exponential model, ther2005; Arzumanov et al 2005). This result
was a reduction in time at which a level of 1¥10 suggested that, could be an appropriate criterion
conidia/gds was achieved, referred totgsas a to define the harvest time for an entire batch,
function of inoculum levels with the specific which in turn might reduce the maintenance and
production rate value&)as shown in Table 2. costs in the processes related to conidia productio
For instance,tjp was 285 h using the lowest by entomophogenic fungi.

Table 2 Values fork according to different inoculum levels.

Inoculum level (Conidia/gds) k x 10° (1/h)
1x10¢ 3.85
7x 10 4.83
5x 10 3.94

Conidialgssi
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Figure 3 - Inoculum size (conidia/gds) effect on conidia pretin by Beauveria bassiana SSF
with wheat bran as substratum:1 x 10; o, 7 x 16; A, 5 x 10. Solid lines: data best fit

to model.
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