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Summary

Background: much recent attention has been devoted to the genuine value of Bacillus species as
multifunctional probiotic products, which produce various extracellular enzymes that enhance feed
digestibility as well as many antimicrobial compounds for the purpose of improving animal performance.
Objective: to describe novel, in vitro potential probiotic properties such as acid tolerance, bile tolerance,
safety, and antimicrobial activity of mesophilic and psychrophilic Bacillus strains in conjunction with their
extracellular enzymatic activities. Methods: four Bacillus strains (B. sp. T3, B. sp. T4, B. sp. SM2, and B. sp.
JSP1) isolated from different sources were used. Strains were identified according to 16S rDNA sequences.
Escherichia coli K88, E. coli O157:H7, Salmonella enteritidis KCCM 12021, Enterococcus faecalis, Listeria
monocytogenes, and Staphylococcus aureus were used as indicator bacteria for the antimicrobial activity trial.
Strains were activated and cultured in tryptic soy broth (pH 7.0) or broth solidified with 1.5% agar. Results:
B. sp. JSP1 was fully resistant to both pH 2 and 3, whereas B. sp. SM2 showed relatively good viability at pH
3. All strains tolerated oxgall (0.3%) bile salt and were not cytotoxic to the HEK 293 human embryonic kidney
cells. Three strains, except B. sp. T3, displayed differential production of extracellular enzymes including
amylase, xylanase, cellulase, protease, phytase, and o—galactosidase. In particular, B. sp. SM2 inhibited six
indicator pathogens: Escherichia coli K88, E. coli O157:H7, Salmonella enteritidis, Enterococcus faecalis,
Listeria monocytogenes, and Staphylococcus aureus. Conclusion: the single use of B. sp. SM2 or the mixed
use of the strain combined with acid or bile tolerant Bacillus strains secreting extracellular enzymes may be
an alternative to antibiotics as a feed additive in farm animal production.
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Resumen

Antecedentes: recientemente el valor de las especies de Bacillus como productos probidticos
multifuncionales ha recibido bastante atencion, debido a que estos producen varias enzimas extracelulares
que potencian la digestibilidad de los alimentos, asi como también compuestos antimicrobianos que mejoran
el desempefio del animal. Objetivo: describir y evaluar potenciales propiedades probioticas “in vitro” -tales
como acidez, tolerancia a la bilis, seguridad y actividad antimicrobiana- de cuatro cepas de Bacilos (B. sp.
T3, B. sp. T4, B. sp. SM2 y B. sp. JSP1) aisladas de diferentes fuentes, en conjuncion con sus actividades
enzimaticas extracelulares. Métodos: se usaron cuatro cepas de Bacillus (B. sp. T3, B. sp. T4, B. sp. SM2,
and B. sp. JSP1) aisladas de diferentes fuentes. Las cepas se identificaron de acuerdo a secuencias 16S rDNA.
Escherichia coli K88, E. coli O157:H7, Salmonella enteritidis KCCM 12021, Enterococcus faecalis, Listeria
monocytogenes, y Staphylococcus aureus fueron empleadas como bacterias indicadoras para el ensayo de
actividad antimicrobiana. Las cepas fueron activadas y cultivadas en caldo soya tripticasa (PH 7.0) o caldo
solidificado con 1.5% de agar. Resultados: el B. sp. JSP1 result6 totalmente resistente tanto a pH 2 como a
pH 3, mientras que el B. sp. SM2 mostr6 viabilidad relativamente alta a pH 3. Todas las cepas toleraron oxgall
(0.3%) de sales biliares y no resultaron citotoxicas para las células humanas HEK 293 de rifién embrionario.
Tres cepas, con excepcion de B. sp. T3, presentaron produccion diferencial de enzimas extracelulares
-incluyendo amilasa, xilanasa, celulasa, proteasa, fitasa y a—galactosidasa. En particular, el B. sp. SM2 inhibid
seis indicadores patdgenos (Escherichia coli K88, E. coli O157: H7, Salmonella enteritidis, Enterococcus
faecalis, Listeria monocytogenes 'y Staphylococcus aureus). Conclusiones: el uso especifico de B. sp. SM2,
o el uso combinado de esta cepa junto con cepas secretoras de enzimas extracelulares y tolerantes a acidos
o bilis puede ser una alternativa para reemplazar los antibidticos frecuentemente usados como aditivos en
alimentacion animal.

Palabras clave: antimicrobianos, desemperio animal, enzimas, tolerancia a la acidez, tolerancia a la
bilis.

Resumo

Antecedentes: o valor das espécies de Bacillus como produtos probidticos multifuncionais tem recebido
bastante aten¢do recentemente, devido a que produzem vérias enzimas extracelulares que potenciam a
digestibilidade dos alimentos, como também compostos antimicrobianos que melhoram o desempenho do
animal. Objetivo: descrever e avaliar as propriedades potenciais “in vitro” — como acidez, tolerancia a bile,
seguranga e atividade antimicrobial- de quatro cepas de Bacilos (B. sp. T3, B. sp. T4, B. sp. SM2, and B. sp.
JSP1) isoladas de diferentes fontes, em conjunto com as suas atividades enzimaticas extracelulares. Métodos:
foram usadas quatro cepas de Bacillus (B. sp. T3, B. sp. T4, B. sp. SM2, and B. sp. JSP1) isoladas de diferentes
fontes. As cepas foram identificadas de acordo as sequéncias 16S rDNA. As seguintes bactérias foram
empregadas como indicadoras no teste de atividade antimicrobiana: Escherichia coli K88, E. coli O157:H7,
Salmonella enteritidis KCCM 12021, Enterococcus faecalis, Listeria monocytogenes, y Staphylococcus
aureus. As cepas foram ativadas e cultivadas em caldo soja tripticase (pH 7.0) ou caldo solidificado com 1.5
de Agar. Resultados: o B. sp. JSP1 foi totalmente resistente tanto no pH 2.0 como no pH 3.0, enquanto que
0 B. sp. SM2 mostrou viabilidade relativamente alta no pH 3.0. Todas as cepas toleraram oxgall (0.3%) de
sais biliares e ndo foram citotdxicas para as células humanas HEK 293 de rim embrionério. Tres cepas, com
excegdo de B. sp. T3, apresentaram produgdo diferenciada de enzimas extracelulares —incluindo amilase,
xilanase, celulase, protease, fitase e a—galactosidase. Particularmente, o B. sp, SM2 inibiu seis indicadores
patogenos (Escherichia coli K88, E. coli O157: H7, Salmonella enteritidis, Enterococcus faecalis, Listeria
monocytogenes y Staphylococcus aureus). Conclusdes: O uso especifico de B. sp. SM2 ou 0 uso combinado
desta cepa junto com as cepas secretoras de enzimas extracelulares e tolerantes a acidos ou bile, pode ser uma
alternativa para substituir os antibidticos frequentemente usados como aditivos na alimentagao animal.

Palavras chave: antimicrobianos, desempenho animal, enzimas, tolerancia a acidez, tolerdncia a bile.
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Introduction

Although the use of antibiotics as a feed
additive has greatly contributed to improving
growth performance and controlling disease in
farm animals, their overuse has been an important
factor in the development of antibiotic resistance
and the persistence of antibiotic residues in animal
products (Chen et al., 2009). The resulting health
concerns have prompted countries such as South
Korea and members of the European Economic
Union to ban the use of antibiotics as feed additives
(Phillips, 2007; Chen et al., 2009; Lee et al., 2011).
An active area of research is the discovery or
synthesis of compounds that can have antibiotic-like
effects without the undesirable problems caused by
antibiotics (Turner et al., 2001).

Probiotics are live microbial feed supplements
that can beneficially affect the host animal by
improving intestinal balance (Fuller, 1989).
Lactic acid, bacteria, and bifidobacteria have been
intensively employed as probiotic strains due to
their recognition as members of the indigenous
microflora of the animals, safety, and the evidence
supporting their positive role (Gaggia et al.,
2011). However, much recent attention has been
devoted to the genuine value of Bacillus species in
probiotic products (Cutting, 2011). Bacillus species,
which generate dormant spores resistant to heat,
radiation, desiccation, enzymatic degradation, and
the stomach’s acidic conditions (Hong et al., 2005,
Leser et al., 2008), produce various extracellular
enzymes that enhance feed digestibility, as well as
many antimicrobial compounds (Leser et al., 2008;
Sutyak et al., 2008). The species also stimulates the
immune system of host animals (Schierack et al.,
2007; Huang et al., 2008; Sun et al., 2010), thereby
improving growth performance, feed conversion
ratio, and meat quality in animals (Davis et al.,
2008; Vila et al., 2009; Sun et al., 2010; Zhou et
al., 2010). However, since all Bacillus strains do not
equally possess these probiotic competencies, the
selection of appropriate Bacillus strains is essential
for the effectiveness of probiotic supplements for
use in animal feed (Guo et al., 2006).

The present study describes novel in vitro
potential probiotic properties such as acid tolerance,

Rev Colomb Cienc Pecu 2012; 25:577-585

bile tolerance, safety, and antimicrobial activity
of mesophilic and psychrophilic Bacillus strains
in conjunction with their extracellular enzymatic
activities.

Materials and methods

Bacterial strains and maintenance

The Bacillus strains used in this experiment were
identified by 16S rDNA sequences. They have been
deposited in the NCBI database under the accession
numbers listed in table 1. Escherichia coli K88, E.
coli O157:H7, Salmonella enteritidis KCCM 12021,
Enterococcus  faecalis, Listeria monocytogenes,
and Staphylococcus aureus, kindly provided by
Seoul National University (Seoul, South Korea),
were used as indicator bacteria for the antimicrobial
activity trial. Unless otherwise stated, all strains
were routinely activated and cultured in tryptic soy
broth (pH 7.0) (BD Science, Sparks, MD, USA)
or broth solidified by the inclusion of 1.5% agar
(BD Science). Unless otherwise stated, general
chemicals were purchased from Sigma-Aldrich (St.
Louis, MO, USA).

Table 1. Bacillus strains used in this study.

Strain Origin Accession number
B. sp. JSP1 L
(Park and Cho, 2011) Antarctic isolate GU014529
B.sp. T3 Farmland soil isolate JQ237097
B.sp. T4 Farmland soil isolate JF508860
B. sp. SM2 Farmland soil isolate JQ237096
Enzyme production

To investigate the production of various
extracellular enzymes in each Bacillus strain, the
following media were used:

1. Cellulase: 0.5% carboxymethyl cellulose, 0.5%
yeast extract (BD Science), 0.45% (NH,),SO,,
0.01% CaCl2H,0, 0.01% MgSO,7H,0, 0.01%
NaCl, 0.07% KH,PO,, 0.001% MnSO,-4H,0,
0.001% FeSO,-7H,O, pH 6.5.

2. Xylanase: 0.5% xylan, 0.45% (NH,),SO,,
0.05% yeast extract, 0.01% CaCl,-2H,0, 0.01%
MgSO,-7H,0, 0.01% NaCl, 0.07% KH,PO,,
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0.001% MnSO,4H,0, 0.001% FeSO,-7H,0, pH
6.5.

3. Amylase: 0.5% starch, 0.5% yeast extract,
0.45% (NH,),SO,, 0.01% CaCl,-2H,0, 0.01%
MgSO,-7H,0, 0.01% NaCl, 0.07% KH,PO,,
0.001% MnSO,-4H,0, 0.001% FeSO,-7H,0, pH
7.4.

4. Protease: 1.0% skim milk, 0.05% yeast extract,
0.45% (NH,),SO,, 0.01% CaCl2H,0, 0.01%
MgSO,7H,0, 0.01% NaCl, 0.07% KH,PO,,
0.001% MnSO,4H,0, 0.001% FeSO,-7H,0O, pH
6.5.

5. Phytase: 1.0% wheat bran extract, 0.04%
(NH,),S0O,, 0.02% MgSO,-7H,0, 0.05% KH,PO,,
0.04% K ,HPO,, 1.0% casein hydrolysate, 0.2%
CaCl,, pH 6.5.

6. a-galactosidase: 1% tryptone (BD Science),
0.5% yeast extract, 1% NaCl, 1% galactose,
pH 7.2. Each Bacillus strain was aerobically
cultivated in 100 mL Erlenmeyer flasks
containing the appropriate enzyme production
medium (25 mL) at 30 °C for 96 h, culture
supernatants were subsequently assessed for
enzyme activity.

Enzyme assays

Cellulase, xylanase, and amylase activities were
determined at 30 °C by measuring the release of
reducing sugar from carboxymethyl cellulose, beech
wood xylan, and starch, respectively, in 0.6 mL of
50 mM sodium phosphate (pH 6.0), according to
the dinitrosalicylic acid (DNS) method (Miller,
1959). An a-galactosidase activity was determined
at 30 °C by measuring the release of p-nitrophenol
from p-nitrophenyl-a-D-galactopyranoside (Sigma-
Aldrich, St. Louis, MO, USA) in 0.8 mL of 50 mM
sodium phosphate (pH 6.0) as previously described
(Patil et al., 2010). Protease activity was tested at
30 °C in 0.36 mL of 50 mM sodium phosphate
(pH 6.0) using azocasein as substrate as previously
described (Hutadilok-Towatana et al, 1999).
Phytase activity was measured at 30 °C by
testing inorganic phosphate release from phytate
dodecasodium salt (Sigma-Aldrich) in 0.8 mL of 50

mM bis-tris (pH 6.0) as previously described (Cho
et al., 2006). One unit (U) of each enzyme activity
was defined as the release of 1 umol of product per
min under the trial conditions.

Acid tolerance test

The survival rate of each Bacillus strain under
simulated gastric conditions was investigated as
previously described (Kim et al., 2007) with the
following modifications: 0.1 mL of cultures grown
in tryptic soy broth for 24 h at 37 °C, representing
about 10® colony forming units (CFU)/mL, were
transferred to 0.9 mL of synthetic gastric juice
[0.5% NaCl, 0.1% peptone (BD Science), 0.3%
pepsin] whose pH was adjusted to 2 and 3 using
1 N HCI, then incubated for 0, 30, 60, 90, and 120
min at 37 °C. Viable cells were enumerated by
plating 10-fold dilutions of the culture in phosphate
buffered saline (PBS; 0.144% Na HPO,, 0.024%
KH,PO,, 0.5% NaCl; pH 7.4) on tryptic soy agar
and incubating plates at 37 °C for 24 h.

Bile resistance test

Bile tolerance was determined as previously
described (Kheadr et al., 2007) with the following
modifications: 10 mL of cultures (about 10 CFU/
mL) of each Bacillus strain grown in tryptic soy
broth (pH 7.0) for 24 h at 37 °C, was spun down
at 5,000 x g for 20 min at 4 °C. Cell pellets were
washed with PBS, collected by centrifugation
(5,000 x g, 20 min, 4 °C), and resuspended in tryptic
soy broth (pH 7.0) containing 0.3% oxgall (BD
Science). Bacterial suspensions were incubated
for 0, 1, 2, 3, and 4 h at 37 °C. Viable cells were
counted by plating 10-fold dilutions of the culture
in PBS on tryptic soy agar and incubating plates at
37 °C for 24 h.

Antimicrobial activity assay

The inhibition test was performed by modified
methods of earlier studies (Sugita et al., 1998; Guo
et al., 2006). Tested Bacillus strains were amplified
at 37 °C for 24 h by streaking each pure colony onto
fresh tryptic soy agar. Then, large colonies of tested
strains were created on tryptic soy agar by spotting
the isolates with sterile toothpicks. After incubating
at 37 °C for 24 h, the strains were killed by exposure
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to chloroform vapor for 30 min. The chloroform
was then evaporated for 20 min. Indicator bacteria
were incubated for 24 h at 37 °C in tryptic soy broth
and diluted until the absorbance at 600 nm (A )
reached 0.5. The cultures were diluted 100-fold
and suspended in tryptic soy soft agar (tryptic soy
broth + 0.7% agar), which were poured over the
tryptic soy agar plates. After incubation at 37 °C
for 24 h, the inhibition zones around the spots were
measured.

Cell cytotoxicity test

HEK 293 human embryonic kidney cells (cat
no. CRL-1573; ATCC, Manassas, VA, USA)
were maintained in DMEM medium (Hyclone,
Logan, UT, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco Invitrogen, Carlsbad,
CA, USA). Cultures were incubated at 37 °C in a
humidified atmosphere containing 5% CO,. Cell
cytotoxicity was examined using the EZ-Cytox cell
viability kit (Daeil Lab, Seoul, Korea) according to
manufacturer instructions. Initially, the cells were
seeded into 96-well culture plates at 1x10° cells/mL
and maintained in FBS-supplemented DMEM. The
samples included negative control (10 pL of PBS)
and cell-free culture supernatant fluids (10 pL) of
Bacillus strains obtained at 1, 3, and 5 days (SM2,
JSP1, T3, T4, respectively) cultured in the tryptic
soy broth. When the HEK293 cells reached 70%
confluence, the wells were inoculated aseptically

581

with 10 pL of the samples and the plates were
incubated at 37 °C for 48 h. Then, the EZ-Cytox kit
reagents were added to the medium before the cells
were incubated for 30 min. The optical density was
determined at 450 nm using a microplate reader
(Bio-Tek, Winooski, VT, USA).

Statistical analysis

Results were presented as the mean + standard
error of three experiments. P values < 0.05 or 0.01
were regarded as statistically different between
means using a student’s #-test.

Results

Acid tolerance

Generally, all tested Bacillus strains exhibited
lower cell viabilities in synthetic gastric fluid at pH
2 than at pH 3 (Table 2). Particularly an Antarctic
isolate, Bacillus JSP1, showed the best survival rate
of all strains, retaining 65% and 55% of its initial
cell numbers during 120 min incubation at pH 2 and
pH 3, respectively. Bacillus sp. T3 and Bacillus sp.
T4 were the most acid-sensitive strains. In addition,
Bacillus sp. SM2 showed relatively good cell
viability, retaining 49% of its initial cell numbers
during 120 min incubation at pH 3, although
viability was drastically reduced during 30 min
incubation at pH 2.

Table 2. Effect of synthetic gastric juices (pH 2 and pH 3) on the viability of four Bacillus strains during 120 min exposure.

pH of synthetic

Viable counts (log CFU/mL)

Strains I

gastric juices 0 min 30 min 60 min 90 min 120 min

B.sp. T3 pH 2.0 8.00+0.30 0.00" 0.00" 0.00" 0.00"
pH 3.0 8.39+0.23 2.01+0.23" 1.81£0.13" 1.63+0.07" 1.10£0.10”
B. sp. T4 pH 2.0 8.60+0.28 1.40£0.10” 0.87+0.19" 0.84+0.18" 0.88+0.14"
pH 3.0 8.44+0.20 1.43+0.09” 1.41£0.09” 1.33+£0.07" 1.25+£0.04"

B. sp. SM2 pH 2.0 8.43+0.11 2.20+0.10 1.36+0.06™ 0.00" 0.00"
pH 3.0 8.37+0.09 6.64+0.15" 5.53+0.10" 4.36+0.06" 4.10£0.10™
B. sp. JSP1 pH 2.0 8.07+0.21 5.44+0.49" 5.32+0.45" 5.30+0.46" 5.21+0.50"
pH 3.0 8.66+0.16 5.92+0.23" 5.50+0.25" 5.16+0.16" 4.72+0.33"

Viable counts (log CFU/mL) of each strain at 30, 60, 90, and 120 min were compared with that at 0 min; *p<0.05, **p<0.01 (Student’s t-test, two tailed).

Results represent the mean + standard error of three experiments (n=3).

Rev Colomb Cienc Pecu 2012; 25:577-585



582 Lee et al. Bacillus strains as feed additives

Bile tolerance

All tested Bacillus strains were resistant to
oxgall bile salt (Table 3); viability was reduced by
only 9%-20%, even at 4 h exposure.

Table 3. Effect of oxgall on the viability of four Bacillus strains during 4 h
exposure.

Viable counts (log CFU/mL)

Strains
1h 2h 3h 4 h

B.sp. T3  8.67+0.14 7.87+0.07" 7.81+0.09" 7.68+0.08" 7.58+0.08"

B.sp. T4  9.43£0.23 9.25+0.21 9.15+0.21 8.78+0.07 8.61x0.16’
B.sp.SM2 8.42+0.13 7.29+0.11" 7.18%0.10" 6.97+0.20" 6.74+0.27"

B. sp.JSP1 8.5740.73 8.19+0.61 8.04+0.64 7.78+0.57 7.23+0.46

Viable counts (log CFU/mL) of each strain at 1, 2, 3, 4 h were compared
with that at 0 h; *p<0.05, **p<0.01 (Student’s t-test, two tailed). Results
represent the mean =+ standard error of three experiments (n=3).

Enzymatic activities

As shown in table 4, no enzymatic activities
were detected in Bacillus sp. T3. However, other
Bacillus strains commonly possessed amylase and
protease activities. Phytase activity was detected
only in Bacillus sp. T4. Interestingly, Bacillus sp.
JSP1 produced greater concentrations of protease
compared to other strains, and o-—galactosidase
activity, which is involved in the removal of
galacto-oligosaccharides such as raffinose and
stachyose, acting as an anti-nutritive factor in
soybean meal (Anderson and Wolf, 1995), was
detected only in strain JSP1. Unlike other strains,
Bacillus  sp. SM2 also produced additional
carbohydrase, such as cellulase and xylanase, that
can degrade non-starch polysaccharides.

Table 4. Extracellular enzymatic activities (U/mL) of four tested Bacillus
strains.

Strains 2Cel bXyl da-Gal °Pro Phy

T3 N.A N.A N.A NA NA N.A

cAmy

T4 N.A NA 013310001 NA 16.18320.025 0.004+0.00

SM2 0.09810.002 0.3110.014 0.240:0.002  N.A 1683:0059  NA

JSP1 N.A NA 011640002 013630001 34.556:0056  N.A

Data represent the mean + standard error of three experiments (n=3).

aCel : cellulase, °Xyl: xylanase, °Amy:amylase, ‘a-Gal: alpha galactosidase,
Pro: protease, ‘Phy: phytase. N.A: no activity.

Antimicrobial activity

Bacillus sp. SM2 showed inhibitory effects
against the six indicator pathogens (Figure 1),
producing the largest inhibition zone with Listeria
monocytogenes (Table 5). However, the other
Bacillus strains did not inhibit the growth of the six
pathogens.

Table 5. Antimicrobial spectrum of B. sp. SM2 against indicated bacterial
pathogens.

Indicator pathogens ‘Inhibition diameter (mm)

Escherichia coli K88 22+1.0
Escherichia coli O157:H7 21+1.8
Salmonella enteritidis 20+ 1.7
Enterococcus faecalis 21+20
Listeria monocytogenes 24+1.2
Staphylococcus aureus 20+ 2.8

* Results represent the mean + standard error of three experiments (n=3).

(B)

Figure 1. The inhibitory activity of B. sp. SM2 against six pathogenic
indicator bacteria. Inhibition was measured by the disc plate diffusion
trial. Inhibition zone produced against E. coli K88 (A), E. coli O157:H7
(B), Salmonella enteritidis (C), Enterococcus faecalis (D), Listeria
monocytogenes (E), Staphylococcus aureus (F).
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Cell cytotoxicity trial

There was no deleterious effect of treatment with
cell-free culture supernatants on viability of Bacillus
strains (Figure 2), which indicated an inability to
produce enterotoxins.

140.0 1
120.0 A
100.0 1 ¢

80.0 1 aTs

oT4
osm2
| JSP1

60.0 1
40.0

Cell viability (%)

20.0 1

0.0 -

1 2 3 4
Samples

Figure 2. Cytotoxic effect of Bacillus strains cultivated in tryptic soy broth
in HEK293 cells. Results are expressed as mean + standard error in three
experiments (n=3). Sample 1: negative control, sample 2: 1 day culture,
sample 3: 3 day culture, sample 4: 5 day culture.

Discussion

Differential survivability of Bacillus strains
tested at pH 2 and pH 3 was observed (Table 2),
indicating that the acid tolerance is strain-specific,
which may be closely associated with previous
findings that Bacillus species spores are not equally
resistant to simulated gastric fluid (Guo et al.,
2006). In addition, Taheri et al. (2009) reported
that it is preferable to examine the survivability of
the Lactobacillus strains under the retention time
of feed and pH (90 min, pH 2.6) in the gizzard
when considering the application of probiotics in
chickens. Similarly, Bacillus sp. JSP1 and Bacillus
sp. SM2 might be promising candidates as chicken
probiotics because they maintained high cell
viabilities during 90 min incubation at pH 3 (Table
2). Nevertheless, acid tolerance does not appear to
be a critical factor for selection of probiotic strains
because buffered food or encapsulated delivery
systems can improve acid-sensitive strain viabilities
during gastric transit (Huang and Adams, 2004).

Bile tolerance is necessary for probiotic strains
to colonize the small intestine and is potentially
more important in probiotic selection than gastric
survival (Huang and Adams, 2004). All tested
Bacillus strains displayed high levels of bile
tolerance with slight loss of viability at 4 h exposure
to 0.3% bile salt (Table 3), the intestinal bile acid
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concentration in humans, also widely-applied to
other monogastrics, such as pigs and chickens
(Kim et al., 2007; Taheri et al., 2009). B. subtilis
MA139 and Bacillus sp. 634 also tolerate simulated
intestinal fluid with 0.3% bile salts, suggesting that
their spores should be able to germinate without
being inhibited by the presence of bile salts in the
small intestine (Guo et al., 2006). Accordingly, low
numbers of B. cereus var. toyoi spores were found
in the pigs’ stomach following oral administration,
followed by a rapid increase of spore numbers
in the duodenum and jejunum (Jadamus et al,
2001). On the other hand, in probiotic strains
such as Lactobacillus and Bifidobacterium, the
resistance against bile salt was strongly implicated
in the presence of their bile salt hydrolase activity
(Tanaka et al., 1999; Kim et al., 2004). However, it
is still unclear that Bacillus strains possess bile salt
hydrolase activity resistant to bile salts.

Generally, Bacillus species are attractive sources
of various extracellular hydrolytic enzymes, which
may aid in nutrient digestion and utilization of
feed (Davis et al., 2008). Dietary supplementation
with B. subtilis, which secretes protease, amylase,
and lipase, improves growth performance in
broiler chicks (Santoso et al., 2001). Moreover,
a great deal of interest has focused on screening
Lactobacillus strains that can produce o-amylase,
phytase, xylanase, B-glucanase or cellulase for the
purpose of improving probiotic efficacy (Taheri
et al., 2009), which could improve the digestion
or feed conversion ratio in chickens and pigs (Lee
et al., 2001; Liu et al., 2007, Yu et al., 2008). In
this regard, our results (Table 4) suggest that the
combination among Bacillus strains producing
different extracellular enzymes may generate
a synergistic-mediated improvement of the
production performance and nutrient digestibility of
monogastric animals.

The main function of probiotics is to inhibit
pathogens, which is an important criterion for
screening potential probiotic strains (Guo et
al., 2006). Bacillus sp. SM2 had a relatively
broad range of antibacterial activities because
the strain was not only effective against Gram-
positive bacteria (Enterococcus faecalis, Listeria
monocytogenes, and Staphylococcus aureus), but
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also Gram-negative bacteria (E. coli K88, E. coli
O157:H7, and Salmonella enteritidis) (Table 5 and
Figure 1). Thus, strain SM2 may be strategically
applied to reduce environmental mastitis caused by
the opportunistic pathogen Enterococcus faecalis
in cattle (Petersson-Wolfe et al., 2008), diarrhea
caused by E. coli K88 and E. coli O157:H7 in
piglets and calves (Guo et al., 2006; Gaggia et al.,
2011), and the prevalence of Salmonella in poultry
(Vila et al., 2009). Although the mechanism of
SM2 antibacterial activities remains unclear, earlier
studies reported that some Bacillus strains could
produce bacteriocins or bacteriocin-like substances
to kill bacterial pathogens (Sugita et al., 1998;
Sutyak et al., 2008). The production of bacteriocins
by strain SM2 should be assessed.

The use of Bacillus species as probiotics raises
the question of safety because some Bacillus species
including B. anthracis, B. cereus, B. thuringiensis,
B.  pseudomycoides, and B. weihenstephanesis
are pathogenic (Hong et al, 2008). In particular,
B. cereus is a well-documented food-poisoning
bacterium that causes illness due to the production
of one or more enterotoxins (Granum and Lund
1997; Granum 2002; Guinebretiere et al., 2002;
From et al., 2005). However, pathogenicity is
rather strain-specific, as some varieties of B. cereus
produce no enterotoxins; indeed, some are presently
used as probiotics for both humans and animals
(Hong et al., 2008). Thus, all Bacillus strains tested
in this study seem to be appropriate for the probable
bio-safe utilization as probiotics, based on the
strains cytotoxic-free potential (Figure 2).

Today, the use of Bacillus species as probiotic
supplements in animal feed is expanding rapidly
due to the ease of bulk production and the assurance
of stability (Cutting, 2011). Bacillus sp. SM2 can
be an alternative to antibiotic growth promoter but
the use of the strain SM2 in combination of other
Bacillus spp. may offer additional benefits. Further
research on additive effects of the combination of
Bacillus spp. used in this experiment is needed. This
would be a useful future experiment.
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