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Abstract

Disease problems have emerged as major constraints
in aquaculture production. The prophylactic applica-
tion of antibiotics is expensive and detrimental, i.e. se-
lection of bacteria that are drug-resistant or more
virulent and the prevalence of drug residues in reared
animals. Probiotics, which compete with bacterial
pathogens for nutrients and/or inhibit the growth of
pathogens, could be a valid alternative to the prophy-
lactic application of chemicals. A mixture of specific
Bacillus strains was designed following a research
programme on the ability of numerous Bacillus strains
to inhibit a range of pathogenic Vibrio strains, to grow
under conditions prevailing in shrimp hatcheries and
to degrade waste products. These strains were then in-
cluded in bioassays and challenge tests in order to
confirm the lack of toxin production and pathogeni-
city to humans, target organisms and the environ-
ment. Here, we report on the performance of a
commercially available mixture of Bacillus strains
(SANOLIFE" MIC), using data from Asian and Latin-
American hatcheries, with Penaeus monodon (Fabri-
cius 1798) and Litopenaeus vannamei (Boone 1931).
These results show that probiotics may be a suitable
alternative to the prophylactic use of antibiotics. Ob-
viously, minimizing the risk of vibriosis demands a
multi-disciplinary approach, including good hygiene
and sanitation measures to reduce the input of poten-
tial pathogens, as well as a suitable farm management.
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Introduction

Major losses in penaeid hatcheries are due to general
problems with water quality control and Vibrio spp.,
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which are opportunistic bacteria. Vibrio spp. are nor-
mally present in the culture facilities, as well as in the
larval gut flora and in the live feed and they usually
cause disease under sub-optimal culture conditions.
The application of antibiotics is expensive and detri-
mental, i.e. selection of bacteria that are drug-resis-
tant or more virulent, prevalence of drug residues in
reared animals (Moriarty 1999; Gilbert & McBain
2003; Holmstrom, Grislund, Wahlstrom, Poung-
shompoo, Bengtsson & Kautsky 2003). Probiotics,
which compete with bacterial pathogens for nutri-
ents and/or inhibit the growth of pathogens, could
be a valid alternative to the prophylactic application
of chemicals, antibiotics and biocides (Moriarty
1999). In addition, the role of microorganisms in
water quality improvement is well documented.
Much doubt on the efficacy and safety of probiotics
on the market comes from the use of ineffective
bacterial species, unrealistic claims, lack of scientific
evidence and poor quality control during production
of the finished product, or inappropriate delivery
methods leading to contamination or reduced perfor-
mance (Temmerman, Huys, Pot & Swings 2003).
The development of suitable probiotics is not a simple
task and requires empirical and fundamental re-
search, full-scale trials, as well as the development
of appropriate monitoring tools and controlled
production.

As Priest (1993) states: ‘species such as Bacillus li-
cheniformis (Weigmann 1898) and B. subtilis (Ehren-
berg 1835) are universally distributed and dominate
the marine flora to such an extent that they could be
considered primary inhabitants of the oceans ...
Bacillus (Cohn 1872) generally occur more frequently
in sediments than in the water column; at lower le-
vels, Bacillus spores may account for up to 80% of
the total heterotrophic flora. There are many reports
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of Bacillus in marine sediments (e.g. Siefert, Larios-
Sanz, Nakamura, Slepecky, Paul, Moore, Fox & Jurt-
shuk Jr 2000) and therefore they are naturally in-
gested by animals such as shrimps that feed in or on
the sediment (e.g. Rengpipat, Phianphak, Piyatiratiti-
vorakul & Menasveta 1998).

By following a scientific approach, we developed a
line of Bacillus probiotics for shrimp larviculture and
growout. Here, we report on the selection process and
the performance of a commercially available mixture
of Bacillus strains (SANOLIFE" MIC, INVE Aquacul-
ture, Phichit, Thailand), using data from an Asian
and Latin-American hatcheries, with Penaeus mono-
don (Fabricius, 1798) and Litopenaeus vannamei
(Boone, 1931).

Materials and methods
Selection

Over 70 Bacillus strains were obtained from culture
collections and commercial suppliers. Pathogenic Vi-
brio strains were either obtained from the culture col-
lection from the University of Gent (BCCM/LMG
Bacteria Collection), or directly isolated from the hae-
molymph of diseased animals. The in vitro inhibitory
activity of the Bacillus strains against these Vibrio
strains was evaluated by using a cross-streak meth-
od, on both marine agar and tryptone soya agar
(Oxoid, Basingstoke, UK) amended with NaCl in or-
der to reach a salinity of 25 g L.~ .

The growth rate of the best performing strains
was evaluated by measuring the absorbance at
600 nm over a period of up to 24 h, of cultures inocu-
lated in 1/2 strength tryptone soya broth, amended
with NaCl in order to give a final salinity of 0, 10,
20, 30 or 40 gL~ In most cases, bacterial growth
rates were fast and determinations were stopped
after 8 h.

These best strains were then screened for the
absence of Bacillus cereus enterotoxin (BCET-RPLA
toxin detection kit, Oxoid) and included in challenge
tests in order to confirm the lack of pathogenicity to
the target organisms. SPF L. vannamei shrimp were
challenged orally and by immersion with individual
strains or mixtures of strains at concentrations
10-100 x higher than those to be encountered com-
mercially. The shrimp were immersed for 3 h in a bac-
terial bath, with aeration supplied, and then
transferred into the rearing system. They were kept
in the aquaria for 7 days, being fed pellets (A2
monodon high-performance shrimp feed/shrimp
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complete grower, INVE Aquaculture, Dendermonde,
Belgium) that had previously been soaked in a bacter-
ial suspension.

Performance

Following various pilot-scale studies, the best-
performing mixture of Bacillus strains (SANOLIFE"
MIC) was evaluated under laboratory scale,
pilot-scale conditions, and under commercial or pre-
commercial conditions in various Asian and
Latin-American countries. We will use data from a
hatchery in Thailand (P. monodon) and those from
a hatchery in Brazil (L. vannamei) as example.

In both hatcheries, the Bacillus spores present in
the commercial product (together with required nu-
trients) were germinated before application in the
rearing tanks by suspending the product in sterile
water (drinking water or disinfected seawater) for up
to 8 h. The appropriate amount of germinated Bacil-
lus was immediately applied to the tanks in order to
reach a final concentration of 1-5 x 10* CFUmL %,
The probiotics were applied daily.

Thai hatchery

In three separate tests run over a period of 1 year, the
performance of the Bacillus mixture was compared
with antibiotic prophylactic and negative control.
P. monodon nauplii were reared (4 x 175 L tanks per
treatments in each test) until postlarvae (PL)10, and
fed a combination of Chaetoceros, Artemia nauplii and
Lansy shrimp (40% live food substitution) INVE
larval diet.

In the first of these tests, the concentration of Vibrio
spp. was followed daily in each tank water using dip
slides (BDS-G, INVE Aquaculture, Thailand).

Brazilian hatchery

The performance of the Bacillus mixture was com-
pared with prophylactic antibiotic (in combination
with formaldehyde treatment in the early PL stages)
and negative control (without the addition of any
chemicals). Each 20 MT tank was stocked with 5 mil-
lion L. vannamei N3 per tank. The water disinfection
procedure included chlorine addition, followed by
neutralization with thiosulphate. Shrimp larvae were
fed microalgae, Artemia and commercial larval diets.
Additional information on the set-up of this hatchery
was not disclosed by the hatchery manager.
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Figure 1 Evaluation of the inhibitory activity of two different Bacillus strains against three pathogenic Vibrio strains, by

the cross-streak method.

Results and discussion

Several strains of B. subtilis, B. licheniformis and other
species showed strong inhibitory activity against a
large number of Vibrio strains (Fig. 1). The ability of
the best-performing strains to grow in a range of sali-
nities and denitrify nitrate to gas was also confirmed
(Fig. 2).

Regarding safety for humans, it was very impor-
tant to certify the absence of B. anthrax and B. cereus
and toxins such as the enterotoxins and emectic
toxins that are known to be produced by a range
of Bacillus strains (From, Pukall, Schumann,
Hormazabal & Granum 2005). The Oxoid bioassay
confirmed the absence of the diarrhoeal toxin. We
are currently investigating other tools allowing us
to confirm the absence of other toxins or genes asso-
ciated with the production of these toxins.
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Figure 2 Growth rate of a Bacillus strain, estimated by
measuring the absorbance at 600 nm. The Bacillus was
grown at 0, 10, 20, 30 and 40 gL~ % Two replicates per
treatment.
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In vitro antagonism and laboratory-scale perfor-
mance cannot completely predict an in vivo effect.
As shown in Fig. 3, the shrimp larvae from the anti-
biotic and probiotic treatments performed better
than those from the negative control. However, the
effect of the treatment varied with each test, despite
the controlled protocol, due to seasonal changes in
nauplii quality, environmental conditions, the pre-
sence of particular Vibrio strains, etc. In two of these
three tests, the tank biomass was also recorded at
harvest. The tank biomass of the negative control
(18.6 + 156 g tank ~ ') was significantly lower than
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Figure 3 Survival of Penaeus monodon in a Thai hatchery
in three separate tests carried out over a 12-month
period. Treatments included negative control, prophylac-
tic antibiotic and SANOLIFE" MIC. Four replicates per
treatment.

250000

recorded for the antibiotic (483 + 22.3 gtank Y
and probiotic tanks (583 + 287 gtank ~!). There
were no significant differences between antibiotic
and probiotic treatments.

The better performance can be partially explained
by the improved water quality and notably the lower
Vibrio load in the water (Fig. 4). In that specific test,
the concentration of Vibrio measured in both antibio-
tic and probiotic treatment tanks was significantly
lower than that recorded in the negative control
tanks.

Similarly, the daily application of SANOLIFE" MIC
to 20 MT tanks stocked with L. vannamei led to a
marked improvement in survival compared with the
negative control (Fig. 5). Unfortunately, the lack of
replicates inherent to field evaluations prevented
statistical analyses.

As shown in the two examples, probiotics have
the potential to produce results similar to those
obtained with antimicrobials and, importantly, in a
cost-effective manner. Obviously, minimizing the
risk of vibriosis demands a multi-disciplinary ap-
proach, including good hygiene and sanitation mea-
sures to lower the input of potential pathogens, as
well as a suitable farm management (Van De Braak,
Decamp & Lavens 2004). Products such as probiotics
are only effective and cost-beneficial when they are
properly applied together with a suitable farm man-
agement. Interestingly, this probiotic mixture also
gave very promising results in mitten crab larvicul-
ture with increased survival and dry megalopa body
weight.
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Figure 4 Daily change in abundance of Vibrio in water tanks, as indicated by Sanoguard " BDS-G slides, in tanks receiv-
ing antibiotics as prophylactics or daily water application of SANOLIFE" MIC, compared with a negative control. Indivi-
dual points represent the average of four replicate tanks per treatment.
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Figure 5 Survival of Litopenaeus vannamei larvae in a commercial Brazilian hatchery. The performance of SANOLIFE"
MIC was compared with prophylactic antibiotic (in combination with formaldehyde treatment in the early postlarvae

stages) and negative control (no chemicals added).

Acknowledgments

Thanks are due to staff at the laboratories of Prof.
Swings and Prof Sorgeloos (University of Gent) for ac-
cess to the Vibrio strains. The authors are grateful to
the staff of the various hatcheries and farms in Asia
and Latin America where the experimental and/or
commercial products were tested. Thanks are due to
the INVE solution support and First Liners for the
follow-up during the experiments.

References

From C., Pukall R., Schumann P.,, Hormazabal V. & Granum
PE. (2005) Toxin-producing ability among Bacillus spp.
Outside the Bacillus cereus group. Applied and Environmen-
tal Microbiology 71,1178-1183.

Gilbert P. & McBain A.]. (2003) Potential impact of increased
use of biocides in consumer products on prevalence of
antibiotic resistance. Clinical Microbiological Review 16,
189-208.

Holmstrom K., Grislund S., Wahlstrom A., Poungshompoo
S., Bengtsson B. & Kautsky N. (2003) Antibiotic use in
shrimp farming and implications for environmental im-
pacts and human health. International Journal of Food
Science and Technology 38, 255—266.

Moriarty D.JW. (1999) Disease control in shrimp aquacul-
ture with probiotic bacteria. In: Microbial Biosystems:
New frontiers. Proceedings of the 8th International Sympo-
sium on Microbial Ecology (ed. by C.R. Bell, M. Brylinsky &
P. Johnson-Green), Atlantic Canada Society for Microbial
Ecology, Halifax, Canada [WWW document]. URL http://
ag.arizona.ed/azaqua/tilapia/tilapiashrimp/moriarty.pdf.

Priest EG. (1993) Systematics and ecology of Bacillus. In:
Bacillus subtilis and Other Gram-Positive Bacteria, Bio-
chemistry, Physiology, and Molecular Genetics (ed. by A.L.
Sonenshein), pp. 3—16. American Society for Microbiol-
ogy Press, Washington, DC.

Rengpipat S., Phianphak W., Piyatiratitivorakul S. & Menas-
veta P. (1998) Effects of a probiotic bacterium on black
tiger shrimp Penaeus monodon survival and growth. Aqua-
culture 167, 301-313.

Siefert J.L., Larios-Sanz M., Nakamura L.K., Slepecky R.A.,
Paul J.H., Moore ER.B., Fox G.E. & Jurtshuk P Jr. (2000)
Phylogeny of marine Bacillus isolates from the Gulf of
Mexico. Current Microbiology 41, 84—88.

Temmerman R., Huys G., Pot B. & Swings]. (2003) Identifica-
tion and antibiotic resistance of isolates from
probiotic products. International Journal of Food Microbiol-
ogy 81,1-10.

Van De Braak K., Decamp O. & Lavens P. (2004) Effective
health management in hatcheries. Asian Aquaculture
Magazine 4, 18-20.

© 2008 The Authors

338 Journal Compilation © 2008 Blackwell Publishing Ltd, Aquaculture Research, 39, 334-338



