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Abstract: Microorganisms such as lactic acid bacteria, Bacillus sp., Clostridium sp. and F. coli which have
been used as animal probiotics for a long tume are well suited to their major purpose and are known to be
beneficial mnside the animal digestive tract. Bacillus probiotics play a significant role m improving the
productivity of animals (livestock) by producing various useful metabolites under optimal culture conditions.
In addition, they actively contribute to improving the environment of domesticated animals through the
promotion of immunity against diseases and improvements in feed efficiency.
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INTRODUCTION

‘Why is Bacillus highly effective as a probiotic when it
has low activity in the small intestine of animals?
Types of probiotic microorganisms and their functional
characteristics: Various microorganisms can be used as
probiotics. Bacteria 1s one of the most commonly used
probiotics which include many species such as
Lactobacillus, Streptococcus, Enterococecus, Bacillus,
Clostridium, Bifidobacterium, Rhodobacter and E. coli
(Kruis ef al., 2004). Certain fungal species are also used as
probiotics meluding both yeasts (Saccharomyces sp.) and
molds (4spergillus sp.). Bacterial probiotics are known to
be effective in poultry, pigs and calves with undeveloped
rumen whereas fungal probiotics are generally effective in
ruminants (Fuller, 1999).

Fungi contain many intracellular components such as
vitamins end unidentified growth factors. However, fungal
cells possess rigid cell walls that are very different from
the cell walls of bacteria which cannot be broken down by
the digestive enzymes secreted by the gastrointestinal
tract in monogastric animals. In contrast, rurminant ammals
contain various enzyme-producing microbes m their
rumens that can digest the cell walls of fungi. Therefore,
it is thus more beneficial to use fungal probiotics with
ruminants in terms of nutrient supply. Specifically, the
molecular structure of the bacterial cell wall is mamly
composed of peptidoglycan which is easily digested by

the normal intestinal enzymes produced by monogastric
ammals. The structure of the fungal cell wall, on the other
hand is more complex with glucan as the basic structural
unit. Therefore, it is difficult for the monogastric animals
to utilize the nutrient present in the cytoplasm of fungal
cell because of the limitation of glucan-degrading enzyme.
Consequently, it 1s important to select proper probiotic
microorganisms according to the type of livestock
involved.

Guidelines exist had already standardize the use of
probiotics in food or feed and these guidelines for animal
feed require the clear identification of all microorgamsms
used (FAO/WHO, 2002). In addition, the gudelines also
require the safety of the microbes and ther functional
properties both in vitre and in vive. The current trend for
identifying probiotic microorganisms is to perform PCR-
based 165 rDNA sequence analysis (Ben Amor et al.,
2007). Strain identification allows for the accurate
evaluation or tracing of the microorgamisms and is
important for epidemiology.

Microorganisms such as lactic acid bacteria, Bacillus
sp., Clostridium sp. and E. coli which have been used as
animal probiotics for a long time are well suited to their
major purpose and are known to be beneficial inside the
animal digestive tract. The advantages of these microbial
probiotics are their similar characteristics to the resident
bacteria mn the animal digestive tract which allowed them
to form clusters in the intestinal mucosa and then
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eliminate harmful bacteria through successful competition
for nutrients. Moreover, probiotics could mhibit the
production of toxins such as mdole, skatole, phenol,
amines and ammoma. They also promote the formation of
unmune system proteins such as IgA, IgG and IgM to
boost immumnity and improve nutrient utilization through
the promotion of sugar absorption and enzyme
production. Probiotics have also been reported to provide
various benefits to animals (T.ee, 2008) by producing
antimicrobial agents such as bacteriocin, H,O,, CO, and
diacetyl as well as low-molecular-weight antibiotics
(Parvez et al., 2006).

THE EFFECTIVENESS OF TAKING
BACILLUS PROBIOTICS

Probiotic microorgamsms need to be examined from
a variety of perspectives. Bacterial probiotics other than
Bacillus (e.g., the lactic acid bacteria or bifidus) must
first be able to reach the digestive tract and then be able
to swrvive and multiply there. Hence, most probiotic
microorganisms must have the capacity to resist acid and
bile salts (Prasad et al., 1998).

Bacillus however could form resting spores which are
not as restricted as other probiotics. Usually, Bacillus
only multiplies to a small degree when reaches the small
ntestine; thereafter, Bacillus multiplies extensively in the
large 1ntestine (colon) and 1s shed m the feces (Casula and
Cutting, 2002; Leser ef al., 2008). In the past, it was
assumed that they passed through the anaerobic
gastrointestinal tract as spores when the resting spores of
Bacillus were administered orally. Recent reports however
indicated that Bacillus can grow as a facultative anaerobe
and 1t 18 capable of living a sporulation-germination-
sporulation life cycle in the gastrointestinal tract
(Earl et al., 2008). Studies examining the multiplication of
Bacillus spores revealed that proliferation in the small
mtestine was difficult despite the presence of rich
nutrients, a low pH and many indigenous orgamc acid
producing microorgamsms. In contrast, multiplication was
imnproved in the large intestine which has fewer nutrients
and a neutral pH (Tam et al, 2006). Additionally, the
resting spores present in Bacillus probiotics have been
reported to germinate in the small intestine where they act
similarly to the probiotics derived from the lactic
acid bacteria (Casula and Cuftting, 2002). However,
Cartman et al. (2008) did not observed any growth in small
intestine when the growth of Bacillus spores was
examined in the digestive tract of poultry although, the
spores multiplied well in the cecum and the colon. The
gastromtestinal tract of amimals exists in an oxygen-free

(anaerobic) state. Furthermore, the indigenous bacteria
(e.g., the lactic acid bacteria) present in the intestine
create a relatively difficult environment to grow.

Nevertheless, probiotics contaimng only Bacillus or
probiotics complex based on Bacillus, demonstrated great
efficacy in animal studies (Hong e al., 2005). In breeding
pigs, Bacillus sp. are often used to improve livestock
productivity by promoting the growth and meat quality
and protect the environment by eliminating the odor of
the pig pens and manure (Lee, 2008).

Administering Bacillus-based probiotics to pigs is
effective in improving their growth and feeding efficiency
while reducing the volatile fatty acids that cause odors
{Chen et al., 2006). Studies also suggested that probiotics
can improve digestion and reduce the production of those
fecal compounds that influence odor such as ammonia,
hydrogen sulfide and short chain fatty acids (Chiang and
Hsieh, 1995; Otto et al., 2003).

Given these observations,
consider the reasons why Bacillus appears so many
benefits despite the fact that 1t cannot actively grow in the
ammal gastromntestinal tract. In summarizing, the basic
information available on probiotics, Musa et al. (2009)
stated the importance of selecting the appropriate
microorganism for particular type of animal and
determming the necessary countermeasures for side
effects and the results of specification. Furthermore, the
researchers further claimed that the various effects
produced by probiotics could be aftributed to the
probiotics themselves or their external culture
environment. In other words, probiotic organisms do
provide benefits to the amumals but even better effects are
seen when the amimals are orally fed the various
fermentation metabolites generated during the cultivation
of Bacillus species.

researchers need to

ENZYMES AND METABOLITES
PRODUCED BY BACILLUS

Among the bacteria used as probiotics, Bacillus is
best known for its ability to produce various digestive
enzymes including amylase (starch digestion), protease
(protein  digestion), phosphatase (phosphoric acid
degradation); phytase, glucanase, isomerase and fiber-
digesting enzymes (Priest, 1977). However, the level of
enzyme produced is low during the process of Submerged
Fermentation (SMF) which is used to produce probiotics
rather than to stimulate enzyme production. Thus, feeding
animals with probiotics produced in this manner may
improve the digestibility of the feed but the effect of the
enzymes alone is unlikely to improve the overall
productivity of the animals.

Bacillus probiotics also produce many types of
amino acids, nucleic acids, peptides, oligomers and
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biosurfactants when they are cultured as a production
medium for grain-based ingredients such as soybeans and
rice bran. Therefore, additional effects are expected from
the Bacillus-produced enzymes beyond the simple
promotion of digestibility.

ADDITIONAL EFFECTS DUE TO
MORPHOLOGICAL CHANGES IN BACILLUS

Unlike other non-spore forming bacterial probiotics,
Bacillus has a umque life cycle that produces resting
endospores. Durmng  endospore  formation, the
morphology of the bacterial cell changes according to
changes in the surrounding growth environment. As
shown m Fig. 1, Bacillus produces primary metabolites
during the heat-sensitive vegetative cell stage by
repetitive cycles of growth and multiplication. As
incubation time increases, the swrounding environment
deteriorates because of the declimng availability of
nutrients necessary for the production of primary
metabolites and the proliferation of vegetative cells
becomes more difficult. Morphological changes begin to
oceur at this time and Bacillus shifts to the production of
secondary metabolites. Eventually, the resting endospore
which is strongly resistant to heat and poor
environmental conditions is completely formed and the
mother cell 1s hydrolyzed (Demain, 1980).

Bacillus sp. that perform secondary metabolism are
often compared to the actinomycetes which also form
spores show similar morphological changes and produce
various secondary metabolites prior to spore formation in
the case of strains capable of morphological change. The
secondary metabolites produced during this process
mclude various antimicrobial materials such as broad-
spectrum  antibiotics, ergot alkaloids, naphthalene,
nucleosides, peptides, phenazine, quinolene, terpencids
and several types of complex growth factors (Martin and
Demain, 1980). In addition, Bacillus produces
biosurfactants as a secondary metabolite. Most of these
biosurfactants contribute significantly to the mcreased
productivity of the livestock because of its broad-
spectrum antimicrobial activity. Besides, biosurfactants
could also aid emulsification and micelle formation to
promote the absorption of msoluble compounds,
including some feed nutrients and certain types of drugs.

Furthermore as shown in Fig. 1, after completing
endospore formation of Bacilfus sp., the spore 1s released
as a free spore while the cell wall peptidoglycan of the
mother cell is degraded by autolysin. Meanwhile, the
intracellular components of the organism such as the
cytoplasm, cell membrane and cell wall are released to
the extracellular medium (Smith and Foster, 1995,
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Fig. 1: Diagram of the morphological life cycle of Bacillus

Hosoya et al., 2007) which can also be used to improve
livestock productivity. Therefore, researchers suggested
that the endospore formation will not only provide
nutrients but also mcrease the ability to absorb feed
compounds because of the absorption-promotion effects
of biosurfactants such as glycolipids and phospholipids.

SECONDARY METABOLITES
PRODUCED BY BACILLUS

Approximately 167 different types of antibiotics have
been detected in Bacillus with 66 agents produced by
B. subtilis and 23 agents produced by B. brevis
(Awais et al., 2010). In addition to antibiotics, numerous
insecticides, nucleotides, nucleosides (Demain, 1987) and
amino acids (Priest, 1989) are also produced by different
straing of Bacillus. The Bt toxin produced by Bacillus
thuringiensis is one of the best-known Bacillus-derived
nsecticides and 15 broadly used in controlling pest
species among the dipteran, coleopteran and lepidopteran
insects (Whalon and Wingerd, 2003). Additional studies
are also bemng conducted on pests such as moths,
mosquitoes and flies to provide assistance in improving
the environment of livestock (Copping and Menn, 2000).
Moreover, nucleotides also show a variety of effects
such as enhancing immune cells in young animals,
improving the length of the villi and reducing diarrhea
(Martinez-Puig ef al., 2005, 2007).

In general, dietary fats do not dissolve in water.
Emulsification resulting from the detergent action of bile
salts in the intestine allows for the hydrolysis of fats mto
fatty acids, monoglycerides and diglycerides through the
action of lipase.

Fats and their degradation products then form
micelles that are absorbed by the mtestine. Currently,
biosurfactants such as phospholipids, lecithins and
lysolecithing are necessary to facilitate this process
(Polin, 1980; Scares and Lopez-Bote, 2002). As mentioned
before, microorganisms produce many different
biosurfactants  mcluding  glycolipids, lLipopeptides,
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phospholipids, surface-active antibiotics, fatty
acids/neutral lipids and polymeric surfactants, all of wlich
are derived from cellular components. Bacillus is known to
produce such biosurfactants such as surfactin, iturin and
fengycin, derived from B. subtilis and lichenysin, derived
from B. licheniformis (Muthuswamy ef al, 2008).
Surfactin which is a powerful lipopeptide biosurfactant is
a secondary metabolite generated during spore formation
and the morphological differentiation of the Bacillus cells
(Nakano et al., 1988). Overall, Bacillus-derived metabolites
such as bicswrfactants can be expected to provide more
useful effects than the probiotic spores themselves in
terms of animal weight gain, improved feed efficiency,
enhanced immunity, disease resistance and improved
livestock environment.

PROMOTION OF GROWTH IN ANIMALS BY
BACILLUS METABOLITES

The productivity of livestock has been shown to
improve substantially when Bacillus probiotics are given.
This benefit occurs despite the fact that Bacillus does not
actively grow inside the gastrointestinal tract of animals.
The activity of Bacillus-produced enzymes is also low
compared with that of normal enzymes. Tt has been
demonstrated that the beneficial effect of Bacillus could
be attributed more to the greater influence of its
metabolites than its spores.

Lactobacillus helveticus (Narva et al., 2004) is one of
the lactic acid bacteria that grow inside the ammal
gastrointestinal tract. Tt produces a variety of antibiotics
(Thompson et al, 2008) inhibits the attachment of
enteropathogenic bacteria to the intestinal mucosa
(Sherman et al., 2005; Johnson-Henry et al., 2007) and
promotes intestinal calcium absorption to enhance
bone mineral density and content. When the oral
administration of L. helveticus was compared with the
oral admimstration of B. subtilis MORI (one of the
Bacillus strains used in feed and food products) in
animals, the Bacillus group demonstrated greater benefits
in terms of feed intake, weight gain, serum IGF levels, iliac
length and iliac weight than the group receiving the
lactic acid bacteria. Moreover, when the fermentation
metabolites produced by B. subtilis was orally
administered at 200 mg kg™ (w/w) along with the
msoluble Tetracycline (TC) the group receiving Bacillus
fermentation metabolites had significantly higher serum
levels of TC after 2 h than the group receiving TC alone
(42.3+4.0 and 26.320.9 ug mL ™", respectively) (Lee ef al.,
2008). This result demonstrated that fermentation
metabolites can promote the absorption of TC and
mdirectly suggested that the absorption of partially
insoluble feed nutrients can also be improved.

To summarize, Bacillus first uses nutrients derived
from its culture media for growth and the production of
various primary metabolites. As the incubation time
increases, changes mn the culture environment such as
the depletion of nutrients, drives the orgamsm to
transition to the endospore-formation stage. Secondary
metabolites are then produced and secreted outside of the
cells or cells are hydrolyzed to release beneficial materials
into the culture medium. Empirically, the productivity of
greatly enhanced when probiotics
containing bacteria and their metabolic products (primary
metabolites, secondary metabolites and hydrolyzed
cellular materials) were given to the ammals than the

livestock was

probiotics contaimng bacteria only. Among the
secondary produced by  Bacillus,
biosurfactants not only possess powerful antibacterial
capabilities (Jenny et af, 1993) but also facilitate the
absorption of beneficial substances in the amimal
digestive tract. Moreover, alkaloid components produced
by Bacillus such as 1-deoxynojirimycin have also been
reported to possess antiviral activity (Watson et al.,
2001). Altogether, the metabolites produced by Bacillus
can contribute to livestock productivity in many ways
through their various effects on physiclogical activity.

metabolites

CONCLUSION

Bacillus probiotics play a sigmficant role 1n
improving the productivity of ammals (livestock) by
producing various useful metabolites under optimal
culture conditions. In addition, they actively contribute to
improving the environment of domesticated ammals
through the promotion of immunity against diseases and
improvements in feed efficiency.
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