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Abstract Previous studies have demonstrated the efficacy
of our Bacillus cereus isolate (NRRL 100132) in reducing
concentrations of nitrogenous wastes and inhibiting growth
of fish pathogens. In vivo efficacy and tolerance to a range
of physiological conditions in systems used to rear
Cyprinus carpio make this isolate an excellent candidate
for aquaculture applications. Production cost is an impor-
tant consideration in development of commercially relevant
biological products, and this study examines the optimiza-
tion of nutrient supplementation, which has an impact on
high-density production of spores by fermentation. Corn
steep liquor (CSL) was identified as a lower cost and more
effective nutrient source in comparison to conventional
nutrient substrates, in particular yeast extract and nutrient
broth. The improved sporulation performance of B. cereus
could be related to the increased availability of free amino
acids, carbohydrates, and minerals in CSL, which had a
positive effect on sporulation efficiency. The impact of
nutrient concentration on spore yield and productivity was
modeled to develop a tool for optimization of nutrient
concentration in fermentation. An excellent fit of the model
was confirmed in laboratory fermentation studies. A cost
comparison revealed that production using liquid phytase
and ultrafiltered-treated CSL was less expensive than spray-
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dried CSL and supported cultivation of B. cereus spores at
densities higher than 1x10'° CFU ml™".
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Introduction

Bacillus spp. are exploited for a wide range of applications,
from the synthesis of metabolites to the production of
whole-cell biological agents used in human health, biolog-
ical control, and aquaculture (Rengipat et al. 2000; Sanders
et al. 2003). Bacillus spp. are ideal as additives in
aquaculture because they occur naturally in sediments, are
ingested by animals, and are unlikely to acquire antibiotic
resistance or virulence genes from fish pathogens such as
Aeromonas spp. (Moriarity 1999). Bacillus spores also have
several advantages over vegetative cells as aquaculture
additives, including resistance to toxic compounds, temper-
ature extremes, desiccation, and radiation (Wolken et al.
2003). This allows the formulation of stable products
(Hong et al. 2005; Ugoji et al. 2006).

Although Bacillus biological agents are widely used in
aquaculture, there are limited studies on their production
and little is known about the impact of nutrient supplemen-
tation on the high-density production of bacterial spores by
fermentation (Monteiro et al. 2005; Prabakaran et al. 2007).
The fermentation medium influences the nutritional and
physiochemical environment and directly affects productiv-
ity and process economics (Zhang and Greasham 1999).
According to current understanding, the development
pathway leading from a vegetative cell to a spore is
triggered by depletion of either carbon, nitrogen, phosphate,
or essential micronutrients (Liu et al. 1994; Nicholson et al.
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2000; Sonenshein 2000). A suitable medium must thus
support vegetative growth and also the production of spores
(Nickerson and Bulla 1974). The most important sporula-
tion-related transcriptional regulator is SpoOA which is
phosphorylated via a complex network of interactions in
response to nutrient limitation (Errington 2003; Sonenshein
2000).

Media formulation and optimization are key considera-
tions in development of bioprocesses that can produce
affordable aquaculture biological agents, yet limited progress
has been made in this area to satisfy market opportunities for
affordable commercial aquaculture products (Irianto and
Austin 2002; Preetha et al. 2006). In previous in vitro
studies, our Bacillus cereus (NRRL 100132) was shown to
inhibit the fish pathogen, Aeromonas hydrophila, and to
decrease the concentrations of ammonia, nitrite, nitrate, and
phosphate waste ions (Lalloo et al. 2007). The same
properties were also demonstrated in vivo, in systems used
to rear oramental koi carp, Cyprinus carpio, as a model
species (Lalloo et al. 2007). This isolate tolerated a wide
range of physiological parameters, making it an excellent
candidate for aquaculture applications (Fast and Menasveta
2000; Guetsky et al. 2002; Lalloo et al. 2008). No studies
have however been done on this organism regarding
development of a bioprocess to produce the biological agent
for commercial application in aquaculture.

It has been widely documented that nutrient sources
influence the growth, spore production, and synthesis of
commercially useful metabolites in this species (Gouda et
al. 2001; Payot et al. 1998; Ritto et al. 1992). Commonly
used nutrient sources include a wide range of peptones,
extracts, and hydrolysates, many of which are expensive for
industrial-scale manufacture of large-volume products and
have negative market acceptance as animal by-products
(Nohata and Kurane 1997; Vuolanto et al. 2001). Nutrient
supplementation was the focus of this study as the type and
concentration of nutrient has a major impact on the
production cost, process, and consumer consideration of
products (Zhang and Greasham 1999).

The present study aimed to maximize spore production
by ensuring a high level of sporulation from a high-density
vegetative cell culture (Monteiro et al. 2005; Nicholson et
al. 2000). High levels of spore production were achieved by
replacing the conventional nutrient substrates with those
used in industry to enhance vegetative cell growth and
subsequent spore production. We tested spray-dried corn
steep liquor (CSLsp) and liquid phytase-treated and ultra-
filtered corn steep liquor (CSL;pyt) at different concen-
trations and modeled the optima based on spore
concentration, productivity, and yield coefficients. The
modeled optima were confirmed by fermentations run
under the same conditions. The high B. cereus spore yield
and productivity attained in this study with relatively cheap
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nutrient supplementation makes commercial production
feasible.

Materials and methods
Microorganisms and inocula

A cryopreserved B. cereus culture (NRRL 100132) con-
taining ~1x10" CFU ml ' viable cells was used as
inoculum (Lalloo et al. 2007), prepared according to Meza
et al. (2004). All materials used in the present study were
obtained from Merck (Darmstadt, Germany), unless other-
wise specified.

Comparison of laboratory and commercial nutrient
substrates in shake-flask studies

Nutrient substrates tested were yeast extract, nutrient broth,
CSLgp (Roquette, Lestrem, France), and CSL; pyt (African
Products, Johannesburg, South Africa), to evaluate the
impact of nutrient supplementation on production of B.
cereus. All experiments were supplemented with nutrient
equivalent to 5 g 1”! total protein, to limit microorganism
growth and thus ensure sufficiency of oxygen in flask
experiments. Each of the relevant nutrient sources was
added (based on protein content, determined by total
Kjeldahl nitrogen) into 1,000 ml Erlenmeyer flasks con-
taining macronutrients (citric acid 0.01, (NH4),SO4 0.06,
Ca(NO3), 0.00472, MgSO47H,0 0.03, MnSO44H,0
0.0004, FeSO47H,O 0.00032, KC1 0.02 and H3PO,
0.025 g 1'") and 190 ml of deionized water. The pH of
the media was adjusted to 7.0 using either 20% m v '
NaOH or 10% m v ' H,SO,. The flasks were sterilized at
121°C for 15 min and cooled to ambient temperature.
Vitamins (thiamine 95.2, biotin 12.0, calcium pantothenate
95.2, ascorbic acid 95.2, niacin 95.2, pyridoxine
95.2 mg I'") were dissolved in 10 ml of deionized water
and aseptically filter sterilized (0.22 pum) into each flask.
The contents of a single cryovial of B. cereus were added to
each flask, which was incubated at 30°C and 180 rpm in an
orbital shaker (Innova 2300, New Brunswick Scientific,
Edison, NJ, USA) until stationary phase, as determined by
ODggo nm measurements (Genesys 20, Thermo Scientific,
Waltham, MA, USA).

Fermentation studies to determine and validate optimum
CSL supplementation levels

The contents of a single cryovial of B. cereus was
inoculated into 700 ml tryptone soy broth (30 g 1"
contained in a 1.8 1 Fernbach flask incubated at 30°C and
220 rpm for 8 h in an orbital shaker (Innova 2300, New
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Brunswick Scientific, Edison, NJ, USA). A single flask was
used to inoculate each fermenter. All fermentation experi-
ments were conducted in 15 1 Biostat C fermenters
(Sartorius BBI Systems, Melsungen, Germany) operated
at 10-1 working volume. Macronutrients (as described
previously), antifoam (1 ml "', Pluriol P2000, BASF,
Ludwigshafen, Germany), and either CSLgp or CSL{pyt
were added to the initial charge at varying protein
concentrations (1060 g 1"') and made up to 8 1 with
deionized water. The initial charge medium was sterilized
in the vessel followed by addition of a separately sterilized
glucose solution (47 g 1", 60% m m™'). Vitamins were
added as for shake-flask cultures, followed by the addition
of water to make up the volume to 9.3 1. The fermentation
temperature was maintained at 30°C, pressure at 50 kPa
using a back pressure controller, pH at 7.0 using 25% v v '
NH4OH or 20% v v! H,SO,4, and aeration and impeller
speed ramped over 5 h from 1 to 2 v v'' m ' and 500—
1,200 rpm, respectively, from the start of the fermentation.
Measurable dissolved oxygen was maintained above 30%
saturation. At sugar depletion, glucose was fed (5-7 g 17" h'™")
to maintain a residual glucose concentration of 5 g 1" until
the sporulation ratio equaled 50%. The total glucose fed to
each fermentation varied, based on the type and concentration
of nutrient tested. The fermentation was stopped when the
sporulation ratio exceeded 90%. Analysis of the fermentation
exhaust gases were conducted using an Uras 10E gas
analyzer which allowed online calculation of oxygen utiliza-
tion and carbon dioxide evolution rates by MFCS software
(Sartorius BBI Systems, Melsungen, Germany).

Analyses and calculations

Viable cell counts were determined by spreading serially
diluted samples of B. cereus onto nutrient agar plates.
Glucose concentration was measured using an HPIC
(CarboPac™ PA1 column, Dionex, MA, USA). Sporulation
ratio, which is the ratio of spores to the total cell
concentration, was measured by microscopic counting of
cells and spores using a Thoma counting slide (Hawksley
and Sons, London, UK) according to Monteiro et al. (2005).
Cell productivity was determined for data points conforming
to high linearity (+*>0.9) of a plot of viable cell concentra-
tion against time (Nori et al. 1983). Yield coefficients were

calculated based on data points conforming to high linearity
(#*>0.9) of plots of viable cell count against either total
protein, carbohydrate, or oxygen consumed (Papanikolaou
and Aggelis 2002). Responses (viable spore concentration,
spore productivity, yield on protein, carbohydrate, and
oxygen) from the fermentation studies were analyzed
statistically (analysis of variance) using the optimization
function of Design Expert-6 software (Stat-Ease, Inc.,
Minneapolis, MN, USA), to determine the optimum supple-
mentation concentration of CSLgp and CSL;pyr. Material
cost was determined by cumulating the cost for each media
category expressed in euro. The component cost contribution
was calculated as the percentage ratio of each media
component over the total cost. The unit cost was expressed
as euro per 1x10° CFU, which was the tested dosage of the
biological agent per 10 m® (Lalloo et al. 2007).

Results

Comparison of commercial nutrient substrates
to laboratory-based nutrient substrates

Two types of corn steep liquor (CSLsp and CSL; pyr) were
compared to yeast extract and nutrient broth in shake-flasks
cultures, wherein each of the nutrient sources were supple-
mented to the equivalent concentration of 5 g 1" total protein
(Table 1). The coefficient of variation of triplicate results
was <10%. CSLgp and CSL;pyr resulted in a ~46-
and ~300-fold increase, respectively, in spore concentration,
productivity, and yield on protein when compared to yeast
extract or nutrient broth. Differences in sporulation ratio
were insignificant between the different types of nutrient
sources tested (Table 1). CSLypyt Was better in all of the
responses measured in comparison to CSLgp.

Determination of the optimum concentration of CSLgp
and CSL; pyr supplementation for fed-batch production
of B. cereus spores

Fed-batch fermentation studies were conducted to deter-
mine the concentration of CSLgp and CSL; pyt supplemen-
tation in the range of 10 to 60 g 1! based on total protein
that maximized spore production (Fig. 1). Spore production

Table 1 Key responses measured during selection of candidate nutrient sources for the production of B. cereus (n=3, coefficient of variation <10%)

Protein source  Sporulation ratio (%)

Viable spore # (CFU ml ")

Spore productivity (CFU mI™' h™")

Spore yield on protein (CFU g ")

Yeast extract 97 6.88x10°
Nutrient broth 99 5.46x107
CSLgp 95 1.42%10°
CSLyput 98 8.82x10°

3.82x10° 1.39x10°
3.03x10* 1.10x10"
7.86x10° 2.98x10"
4.90%10° 1.80x10"?
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Fig. 1 B. cereus viable spore concentrations (a) and spore productiv-
ity (b) when different concentrations of CSLgp or CSLy pyt based on
total protein were tested

was measured in terms of spore concentration, productivity,
and yields on protein, carbohydrate, and oxygen. The spore
concentration and productivity of B. cereus fitted a second-
order polynomial quadratic graph (+2>0.95, p<0.05 for all
terms) when plotted against a range of concentrations tested
for each of the CSL types (Fig. 1). The maximum spore
concentration was 1.1x10'® CFU ml ™! when CSL; pyt Was
supplemented at 50 g 1! protein in comparison to a
maximum of 8.5x10° CFU ml™! when CSLgp was
supplemented at 33 g I'' protein (Fig. la). Maximum
productivity (Fig. 1b) was however identical when CSLgsp
was supplemented at 40 g I"' or CSL;pyr was supple-
mented at 55 g 17! protein (2.2x10"" CFU ml™' h™").

The yield of B. cereus spores based on supplemented
protein, for both CSLgp and CSL;pyr, fitted a quadratic
second-order polynomial graph (*>0.95, p<0.05 for all
terms) across the range of protein concentrations tested
(Fig. 2a). The difference in yield coefficients between each
of the nutrient sources was negligible across the concen-
tration range tested. The yields of spores on carbohydrate
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substrate and oxygen (Fig. 2) were fitted to quadratic
second-order polynomial graphs (+2>0.95, p<0.05 for all
terms). Spore yield on carbohydrate increased with an
increasing concentration of CSLgp to a maximum of 1.56 x
10" CFU g ! at the 60 g I protein supplementation level.
CSLy pyr supplementation resulted in a maximum yield on
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Fig. 2 B. cereus yield on protein (a), yield on carbohydrate (b), and
yield on oxygen (¢) when different concentrations of CSLgp or
CSLy pyr based on total protein were tested



Appl Microbiol Biotechnol (2009) 83:59-66

63

carbohydrate of 1.34x10'" CFU ¢!, at 50 g I'! protein
(Fig. 2b). The best yields on oxygen were achieved when
CSLgp was supplemented at 40 g 17" (1.2x10'"' CFU g ™)
in comparison to 1.16x10'"" CFU g™ when CSL,pyr was
supplemented at 50 g 1! protein (Fig. 2c).

Determination of combined optima of the five responses
using optimization software indicated a calculated optimum
concentration of 34 and 48 g I"' protein for CSLgp and
CSLipyut, respectively. These responses were determined
from fitted quadratic models that were statistically signif-
icant (p<0.05). Testing of the mathematically modeled
concentration optima for each of the CSL types resulted in
a good correlation between the modeled responses and
those determined from actual fermentation data (Table 2).
The coefficient of variation was less than 10% in all of the
responses measured, for actual triplicate test fermentations
and when these data were compared to the mathematical
optima (Table 2). Testing of the optima also indicated that
CSLy pyr resulted in improved spore concentration, where-
as CSLgp resulted in improved yield on protein. The
productivity and yield of spores on carbohydrate and
oxygen were similar irrespective of the CSL type used
(Table 2). Material cost of production was therefore
calculated at the optimal supplementation level for each
CSL type. CSLppyr resulted in a material cost of
production that was 40% lower than CSLgp (Table 3).

Discussion

The present study demonstrated that corn steep liquor was a
preferred nutrient substrate for the production of Bacillus
spores, in comparison to conventional nutrient substrates.
The use of both CSLgp and CSL; pyt resulted in a higher
spore concentration, productivity, and spore yield on
protein in comparison to yeast extract and nutrient broth
(Table 1). Although yeast extract has been shown to
improve the vegetative growth rate, as it contains protein,
vitamins, and cofactors (Payot et al. 1998), other reports
have suggested that spore production is improved when
CSL is used, as high vegetative cell growth is not always

ideal for spore production (Gouda et al. 2001; Nickerson
and Bulla 1974; Sharpe and Bulla 1978; Shikata et al.
1990; Srivasta and Baruah 1986). Increased product yields
in various processes have been reported when CSL was
used to replace conventional nutrient sources (Kuppusamy
and Balaraman 1991; Prabakaran et al. 2007), possibly due
to a more suitable protein profile of this complex substrate.

Modeling the optima of several key indicators of B. cereus
spore production, coupled to confirmation in actual fermen-
tation studies, provided a robust method for optimization of
the concentrations of the two CSL types in fed-batch culture.
This enabled improvement of spore concentration, volumet-
ric productivity, and yield, which are key requirements to
cost-effective production of aquaculture biological agents
(Riesenberg and Guthke 1999; Vuolanto et al. 2001). The
maximum B. cereus spore concentration obtained in the
present study was approximately five times greater (1x10'°
CFU ml ") than previous studies (Chang et al. 2008;
Prabakaran et al. 2007) and slightly higher than that reported
by Monteiro et al. (2005) for production of Bacillus
subtilis spores. This represented the highest spore concen-
tration reported to date for this aquaculture biological
agent. The present study also examined the yield of spores
on carbohydrate, protein, and oxygen as these are key cost
and performance drivers in fermentation. The yield of
spores on carbohydrate increased with increasing concen-
tration of both types of CSL, suggesting that a higher
protein to carbohydrate ratio was preferable, as was also
observed in B. subtilis (Vuolanto et al. 2001) and Bacillus
licheniformis (Mao et al. 1992).

The enhanced B. cereus sporulation performance in CSL
could be related to the improved availability of free amino
acids, in comparison to conventional nutrient substrates.
Protein is a key factor for sporulation (Shi and Zhu 2007)
and plays a role in the growth of vegetative cells, the
sporulation process, to protect DNA and to form a
multilayered proteinaceous coat outside the cortex of the
spore (Errington 2003). Major differences in spore produc-
tivity between cultures were mostly related to the quantity
of vegetative cells produced, as sporulation efficiency was
similar in all of the protein sources tested (>95%, Table 1).

Table 2 Validation of modeled optima of key responses by experimental data for CSLgp and CSLypyr, respectively (¥*n=3, coefficient of

variation <10%)

Key responses measured Units CSLgp CSL; put

Model Actual CV % Model Actual CV %
Viable spore concentration CFU ml™! 8.47x10° 8.36x10° 0.9 1.02x10'" 1.12x10" 6.7
Productivity CFUT'n! 2.20x10" 2.15x10" 1.6 2.14x10" 1.96x10 ! 6.2
Yield on protein CFU g! 2.45x10" 2.60x10'" 4.1 1.65x10" 1.56x10 3.8
Yield on carbohydrate CFU g! 1.17x10" 1.13x10" 24 1.32x10" 1.15x10" 9.5
Yield on oxygen CFU g 1.18x10" 1.16x10" 1.1 1.33x10" 1.16x10" 9.8
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Table 3 Comparison of the material cost of production using CSLgp and CSL; pyr for the production of B. cereus based on prices at July 2008

Material components CSLgp

CSLLPUT

Cost (euro 1)

Component cost contribution (%)

Cost (euro 1) Component cost contribution (%)

Salts and antifoam 0.02 12.75
CSL 0.09 53.69
Carbon substrate 0.01 6.42
Vitamins and additives 0.05 27.14
Total 0.17 100.00
Spores produced (# 171 8.61x10'?

Cost (euro per 1x10° CFU)  1.99x10°

0.02 14.89
0.07 45.10
0.01 8.48
0.05 31.54
0.15 100.00
1.23x1013

1.20x10°

CSL is a good source of the entire spectrum of essential
amino acids, with glutamate, which is important in cell
growth and sporulation, present at high concentration (He
et al. 2004; Schilling et al. 2007). A compositional analysis
of the nutrient sources at the 5 g 1! protein supplementation
level revealed that the total quantity of amino acids available
was approximately three times greater in CSLypyt than in
other protein sources (data not shown). The higher concen-
tration of free amino acids in CSL;pyt, where the mass
fraction of low-molecular-weight substances are concentrated
by ultrafiltration, resulted in higher vegetative cell growth
and spore production than CSLgp as the concentration of
CSL increased (Fig. 1). In flasks supplemented with CSLgp,
the onset of sporulation was earlier than with CSLjpyr,
possibly due to limitation in amino acid availability.
Limitation of amino acids, particularly glycine, glutamic
acid, aspartic acid, isoleucine, or methionine, results in a
decrease in intracellular concentration of purine nucleotides
which derepress sporulation genes (Lopez et al. 1981; Ochi
et al. 1981; Sonenshein 2000).

CSL was useful for spore production, not only because
of protein and amino acid components but also because of
the sugars and organic acids present in this substrate. Both
types of CSL contained a higher level of reducing sugars
and organic acids than the conventional nutrient substrates,
which apparently benefited vegetative biomass production
and sporulation. A limitation in available carbohydrate and
organic acids apparently stimulated the early onset of
sporulation at lower cell titers in the shake-flask studies
when using conventional nutrient sources. Sugars and
organic acids participate in the complex interplay of
energetic requirements for biomass production and protein
turnover during sporulation (Liu et al. 1994). Citrate and
succinate were shown to increase growth rate and cell mass
production (Schilling et al. 2007) as the portion of glucose-
6-phosphate that feeds into the pentose phosphate pathway
is increased when organic acids are present (Schilling et al.
2007). Glucose limitation results in decreased pyruvate and
this, or its metabolites, is needed during the growth phase
for good sporulation to occur (Dingman and Stahly 1983).
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CSLy pyr was preferred to CSLgp for fed-batch fermen-
tation due to a higher biomass growth, sporulation, and
eventual viable spore concentration (Table 2), which could
be related to the higher levels of free amino acids, reducing
sugars, ammonium sulfate, phosphate, and other salts in
CSLiput CSLyput supported the highest spore concentra-
tion, while peak spore productivity and yield on CSL;pyt
were similar when compared to CSLgp, although the
concentration required for maximum productivity of
CSLipur was ~10 g 1" protein higher than CSLgp
(Table 2). Ammonium sulfate and MgSO, were shown to
be important variables for spore production (Shi and Zhu
2007). Magnesium sulfate, CaCOj3, and phosphate stimu-
lated sporulation (Shi and Zhu 2007), whereas divalent
cations (particularly Ca®>") assist in dehydration and
mineralization of the spore (Errington 2003). The lower
levels of phosphate in CSLgp when compared to CSLy pyt
could explain the earlier onset of sporulation in CSLgp due
to the response of the Pho system to phosphate starvation
(Msadek 1999). Yield of B. cereus spores on oxygen was
marginally better on CSLgp than on CSL;pyt, when
conditions of oxygen sufficiency were maintained as this
is important to realize high spore yields in Bacilli
(Avignonne-Rossa et al. 1992; Dingman and Stahly
1983). The degradation of vitamins and key nutrients in
the spray-drying process could also explain the improve-
ment in growth performance of CSL; pyr when compared to
the other dried protein sources tested (Payot et al. 1998).

CSLgp supplementation at concentrations above the
optimum levels resulted in a severe attenuation in spore
concentration and productivity due to reduced growth and
sporulation efficiency. This may have resulted from reduced
mass transfer of oxygen into the cell due to the high
concentration of solids in the reactor, when using CSLgp.
Precipitation and mass transfer issues are however reduced
when using CSL; pyt due to hydrolysis of phytic acid and
removal of solids through the ultrafiltration process. Liu et
al. (1994) also reported that media components cause
precipitation and mass transfer problems in high-density
cultivation and a negative impact on spore concentration
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was reported when dissolved oxygen dropped below 30%
(Monteiro et al. 2005). Furthermore, genes controlled in the
Res system are induced under anaerobic growth conditions
which contribute to the sporulation cascade (Msadek 1999).
In our study, supplementation with both types of CSL
above 70 g I"! protein resulted in slow growth, cell lysis,
and no spore formation (data not shown), which was similar
to observations of other researchers (Purushothaman et al.
2001; Silveira et al. 2001). Sporulation efficiency is known
to be low following poor growth (Nickerson and Bulla
1974). Sporulation takes longer in high-cell-density culti-
vations, thus resulting in a compromise between spore
concentration and productivity (Liu et al. 1994).

The present study concluded that CSL;pyr was the
preferred nutrient source for the production of the B. cereus
aquaculture biological agent, based on reduced material
cost and improved fermentation performance (Table 3),
which improved the commercial attractiveness of B. cereus
as an aquaculture biological agent (Verschuere et al. 2000).
Cost-effective media based on locally available raw
materials is an important consideration for lower-value
products such as aquaculture biological agents (Prabakaran
et al. 2007). Furthermore, CSL;pyt is a phytase-treated
liquid of plant origin that is cost competitive and has
advantages in upstream and downstream processability
(Mao et al. 1992; Silveira et al. 2001). Our bioprocess
development using this substrate increases the economic
potential of large-scale bioproduction and consumer accep-
tance of the B. cereus aquaculture biological agent and
provides a rationale for production of other Bacillus spore
products.
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