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The objectives of this study were to isolate beneficial strains of microorganisms from the gastrointestinal
tracts of healthy chickens and to screen them against Clostridium perfringens, a causative agent of necrotic
enteritis in poultry. One of the bacteria isolated, a strain of Bacillus subtilis, was found to possess an
anticlostridial factor that could inhibit the C. perfringens ATCC 13124 used in this study. The anticlostridial
factor produced by B. subtilis PB6 was found to be fully or partially inactivated in the presence of pronase,
trypsin, and pepsin. In contrast, the antimicrobial activity of the anticlostridial factor was not affected by
treatment at 100 or 121°C or by treatment with any of the organic solvents used in the study. The optimum
growth temperature and optimum pH for production of the anticlostridial factor were 37°C and 6.20, respec-
tively. Using the mass spectroscopy-mass spectroscopy technique, the apparent molecular mass of the anti-
clostridial factor was estimated to be in the range from 960 to 983 Da. In terms of the antimicrobial spectrum,
the anticlostridial factor was inhibitory toward various strains of C. perfringens implicated in necrotic enteritis
in poultry, Clostridium difficile, Streptococcus pneumoniae, Campylobacter jejuni, and Campylobacter coli.

Necrotic enteritis, an enterotoxemic disease caused by Clos-
tridium perfringens, leads to the development of necrotic le-
sions in the gut wall, resulting in mortality of poultry (30). This
disease is also multifactorial with complex and partially un-
known epidemiology and pathogenesis (18). The bacterium C.
perfringens is commonly found in the gastrointestinal tract of
poultry; the occurrence of necrotic enteritis is, however, spo-
radic (39). Nevertheless, feed contaminated with C. perfringens
has been implicated in outbreaks of necrotic enteritis in chick-
ens (18). Studies have also shown that a healthy chicken has a
relatively low number of C. perfringens cells in its gastrointes-
tinal tract, while an increase in the concentration of the bac-
terium has been correlated with necrotic enteritis (5). Bacitra-
cin, linocomycin, and other growth-promoting antibiotics are
commonly used to treat poultry suffering from necrotic enter-
itis (5). However, due to the isolation of antibiotic-resistant
strains of C. perfringens from chickens and turkeys, other non-
antibiotic alternatives are being sought (7).

The bacterial microflora can have both positive and negative
effects on the intestinal health of a host and its susceptibility to
disease (11). Microorganisms such as Lactobacillus spp., Strep-
tococcus spp., and Escherichia coli have been isolated from the
duodenum, jejunum, and ileum of the small intestine (23). The
maintenance of some bacteria in the intestine, such as Lacto-
bacillus spp. and Bifidobacterium spp., has been well recog-
nized to have beneficial effects on the host animal (4). Sub-
stantial progress has been made in the development of
probiotics, probiotics, and synbiotics, which are reported to be
effective in increasing and maintaining lactic acid bacteria
(LAB) in the intestine (20). Previous studies have suggested

that Lactobacillus spp., Bifidobacterium spp., and Bacillus sub-
tilis can be used to increase and maintain beneficial bacteria in
the intestine (13). One of these organisms, B. subtilis, is used in
the feed industry (33). In addition to stimulation of positive
changes in the intestinal microflora (14), recovery from diar-
rhea (22), enhanced body weight gain, and feed efficiency (17)
in the hosts were observed when animals were fed B. subtilis.

Antimicrobial peptides are produced by a wide variety of
organisms, notably bacteria, and are believed to play an im-
portant protective role. When peptides from different organ-
isms were compared (12), no consensus in the amino acid
sequences was observed that could be used to design potent
peptides targeted against specific organisms (12). In general,
most antimicrobial peptides have at least 50% hydrophobic
amino acid residues and between two and nine positively
charged amino acids, such as arginine or lysine (12). Riboso-
mally synthesized peptides, including both cationic and neutral
peptides, are secreted by gram-positive and gram-negative bac-
teria. Antimicrobial compounds, such as bacteriocins produced
by gram-positive bacteria, are often membrane-permeabilizing
cationic peptides with fewer than 60 amino acid residues (15).

For the last few decades, many studies have been focused on
antagonistic metabolites produced by lactic acid bacteria (15).
Besides bacteriocins, other common metabolites, such as or-
ganic acids (6), acetaldehyde, hydrogen peroxide, diacetyl, car-
bon dioxide, antibiotics, and amines (17, 31), are produced by
lactic acid bacteria. In contrast, bacteriocins and other antag-
onistic metabolites of Bacillus spp. have attracted little atten-
tion even though some Bacillus spp., such as B. subtilis and
Bacillus licheniformis, are “generally recognized as safe” bac-
teria (33).

In an attempt to develop probiotic strains to inhibit C. per-
fringens, we isolated B. subtilis PB6 from the gastrointestinal
tracts of healthy chickens. The PB6 strain is able to produce a
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bacteriocin that is effective against both gram-negative and
gram-positive bacteria that are potentially pathogenic for both
humans and animals.

MATERIALS AND METHODS

Isolation and identification of beneficial microorganisms. Intestinal tracts of
healthy chicken were obtained from a local market that was certified by the
Agri-food & Veterinary Authority of Singapore. Freshly obtained intestinal
tracts were dissected into four sections, the duodenum, the jejunum, the ileum,
and the ceca.

Contents of each segment were collected in test tubes containing deMan
Rogosa Sharpe (MRS) broth and then incubated at 37°C under 5% CO2 for 48 h.
After 48 h of incubation, overnight cultures obtained from various intestinal
segments were streaked onto MRS agar to obtain isolated colonies of lactic acid
bacteria. Similarly, contents of various segments of the intestinal tracts were
inoculated into tryptic soy broth supplemented with yeast extract (6 g/liter)
(TSBYE broth) and then heated at 80°C for 20 min. After the heat treatment,
portions from each test tube were streaked onto TSAYE agar and incubated at
37°C for isolation of Bacillus spp.

Biochemical tests using API 50CH and API 50CHB/L (bioMerieux) were
performed to identify all bacteria, including Bacillus spp. and Lactobacillus spp.,
that were isolated from the intestinal tracts. Pure cultures of selected lactic acid
bacteria and Bacillus spp. were further characterized by ribotyping their 16S
RNA using RiboPrinter (Dupont, Wilmington, Del.).

Bacterial strains and culture conditions. Isolated colonies of B. subtilis PB6
from TSAYE medium were transferred into 100 ml of TSBYE broth (Becton
Dickenson and Company, Cockeysville, MD) supplemented with 0.6% yeast
extract (Oxoid Limited, Basingstoke, England) and incubated at 37°C in a shaker
incubator at 100 rpm. An overnight culture of B. subtilis PB6 was maintained and
transferred weekly to fresh TSBYE broth and then kept at 4°C as a working
culture.

Perfingens Agar Base (Oxoid Limited, Basingstoke, England) was prepared
and sterilized at 121°C for 15 min. Two milliliters of Perfringens Selective
Supplement A or B (Oxoid Limited, Basingstoke, England) was prepared and
dissolved in sterile distilled water and then added to 500 ml of Perfringens Agar
Base. Isolated colonies of C. perfringens ATCC 13124 from Perfringens Agar
were inoculated into 10 ml of fluid thioglycolate broth (FTB) (Becton Dickenson
and Company, Cockeysville, MD) and incubated at 37°C under anaerobic con-
ditions using Anaerogen Pak (Oxoid Limited, Basingstoke, England). An over-
night culture of C. perfringens ATCC 13124 was maintained and transferred
weekly into fresh FTB. All freshly grown cultures of B. subtilis PB6 and C.
perfringens ATCC 13124 were resuspended in 40% glycerol and kept at �80°C
for long-term storage.

Antagonistic assays. Putative strains of LAB were grown in MRS broth and
incubated at 37°C under 5% CO2. Similarly, putative strains of Bacillus spp. were
grown in TSBYE broth and incubated at 37°C under 5% CO2. C. perfringens
ATCC 13124 was used as the indicator organism to screen microorganisms
isolated from the intestinal tracts of chickens. Isolated colonies of C. perfringens
ATCC 13124 were inoculated into FTB at 37°C under anaerobic conditions using
Anaerogen Pak (Oxoid Limited, Basingstoke, England). An overnight culture of
C. perfringens ATCC 13124 was streaked (perpendicularly) onto the surface of
TSAYE agar using a sterile cotton swap.

Various overnight cultures containing strains of LAB and Bacillus spp. were
then streaked across the same agar plates bisecting the streak line of C. perfrin-
gens ATCC 13124. All inoculated plates were incubated at 37°C under 5% CO2.
After 24 h of incubation, antagonistic effects of the test organisms on the indi-
cator bacteria were determined by the appearance of clear zones surrounding the
junctions of the streak lines, which indicated the inhibitory effect of one organism
on the other.

Well diffusion assay. Molten TSAYE medium containing 0.7% agar at 45°C
was inoculated with an 18-h culture of C. perfringens ATCC 13124 to obtain a
final concentration of approximately 104 to 105 organisms per ml. Ten milliliters
of the seeded agar was then dispensed aseptically into sterile polystyrene petri
dishes (90 mm by 16 mm) containing 20 ml of solidified TSAYE medium (1%
agar). When larger petri dishes (140 mm by 21 mm) were used, 70 ml of solidified
1% agar medium was overlaid with 30 ml of semisolid TSAYE medium (0.7%
agar) containing the indicator organism. Upon solidification of both agar layers,
the surface of the agar was perforated using a sterilized cork borer to create wells
that were 8 mm in diameter. Aliquots (100 or 200 �l) containing the test samples
were dispensed into the 8-mm wells and incubated at 37°C for 18 h under
anaerobic conditions. The diameters of the zones of inhibition were measured

using a vernier caliper. Each well diffusion assay used for testing an anticlostridial
factor with various parameters was conducted three times in duplicate. Through-
out this study, chloramphenicol (100 ppm) and sterile TSBYE broth (pH 6.3)
were used as the positive and negative controls, respectively.

Effect of growth temperature and pH on the production of anticlostridial
factor by B. subtilis PB6. B. subtilis PB6 was grown aerobically in TSBYE medium
at 37, 45, and 50°C for 18 h in a shaker incubator set at 100 rpm, and the
overnight cultures were filtered through 0.20-�m sterile filters (Sartorius AG,
Germany) to obtain cell-free filtrates.

Cells of B. subtilis PB6 were grown in TSBYE broth media adjusted to pH 5.0,
6.0, or 7.0 and incubated at 37°C for 18 h in a shaker incubator at 100 rpm. After
the incubation period, all cells of B. subtilis PB6 were removed by filtration
through 0.20-�m sterile filters. The negative controls for this experiment were
sterile TSBYE broth adjusted to pH 5.0, 6.0, or 7.0. Aliquots (100 �l) of each
filtrate fraction were examined for anticlostridial activity using the well diffusion
assay described above. All inoculated agar plates were incubated at 37°C for 18 h
under anaerobic conditions.

Sensitivity of anticlostridial factor to enzymes, temperature, and organic
solvents. B. subtilis PB6 was grown aerobically in TSBYE medium at 37°C for
18 h in a shaker incubator set at 100 rpm. The filtrate was collected and assayed
for bacteriocins and hydrogen peroxide. For bacteriocins, the filtrate was treated
with pronase and pepsin (Sigma Chemicals, St. Louis, MO) for 1 h at 37°C and
with trypsin (Sigma Chemicals, St. Louis, MO) for 12 h at 37°C. The final
concentration of pronase, pepsin, and trypsin was 1 mg per ml. To test for the
presence of hydrogen peroxide, a filtrate was treated with catalase (final con-
centration, 0.5 mg per ml) for 1 h at 37°C. Treated and untreated filtrates, as well
as controls containing pronase, pepsin, trypsin, and catalase at the appropriate
concentrations, were then dispensed into the wells of the TSAYE media seeded
with C. perfringens ATCC 13124 as the indicator organism. Filtrate from an 18-h
culture of B. subtilis PB6 was collected and heated at 70, 80, 90, 100, and 121°C
for 15 min. To ensure complete and uniform heating, the water level in the water
bath was maintained above the level of the heating menstruum. After heating,
the tubes were immediately cooled in an ice-water bath to terminate the reaction
of the filtrate. Each treated filtrate was dispensed into the wells containing
TSAYE medium and screened for antimicrobial activity against C. perfringens
ATCC 13124. Chloramphenicol (100 ppm) and sterile TSBYE broth (pH 6.3)
were used as positive and negative controls, respectively. The presence of inhib-
itory zones around the wells was determined after anaerobic incubation at 37°C
for 18 h.

Anticlostridial active filtrates were mixed in ethyl alcohol, methanol, acetone,
or acetonitrile (50%, vol/vol) and incubated at 25°C for 1.5 h. The solvents were
then removed from the treated samples using a vacuum rotary evaporator set at
70°C for 15 min before the filtrates were tested for antimicrobial activity against
C. perfringens ATCC 13124.

Estimation of the molecular weight of the anticlostridial factor using mass
spectroscopy-mass spectroscopy (MS/MS). B. subtilis PB6 was grown aerobically
in TSBYE medium at 37°C for 18 h in a shaker incubator and filtered through a
0.20-�m filter. The filtrate was then extracted using chloroform-isopropyl alcohol
(2:1) or ether. The mixture was allowed to stand at 25°C for 5 min before
centrifugation at 1,000 � g for 5 min. The aqueous fraction was removed and
tested for antimicrobial activity against C. perfringens ATCC 13124 using the well
diffusion assay, but it showed no activity. The solvent fraction was evaporated
using a Büchi Rotavapor (model R-124; Büchi Labortechnik AG, Switzerland) at
55°C under a vacuum. A portion of the residue was resuspended in 0.1 M
phosphate buffer, pH 6.0. The remaining portion of the evaporated residue was
dissolved in 10% formic acid before it was resuspended in a 0.1 to 0.2% formic
acid–acetonitrile (6:4) solution. The mixture was centrifuged at 10,000 � g for 1
min before it was injected into an API 365 liquid chromatography-MS/MS system
(Applied Biosystems/MDS Sciex, Canada) for mass spectroscopy-mass spectros-
copy analysis with an electrospray ionization interface.

RESULTS

Identification of isolated bacteria. Using biochemical and
molecular techniques, the predominant bacterial strains that
were isolated from the jejunum, duodenum, and ileum seg-
ments of the chicken intestinal tract were identified as Pedio-
coccus pentosaceous, Pediococcus acidilactici, Lactobacillus aci-
dophilus, Lactobacillus fermentum, B. licheniformis, and B.
subtilis (data not shown).

The Bacillus strains isolated in the present study are gram-
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positive rods and possess catalase activity. Malachite green
staining confirmed that these microorganisms possess endos-
pores and are spore formers. These microorganisms were also
“swarmers” because upon extended incubation they tended to
spread over the entire agar surface. In terms of relatedness to
known Bacillus spp., the API biochemical profiles showed that
all Bacillus strains isolated in this study exhibited between 92.0
and 99.9% identity (data not shown). Using the RiboPrinter
ID system, B. subtilis PB6 has a DNA profile that is a 90%
match with the DNA profiles of other strains of B. subtilis in
the database.

Antagonistic screening with C. perfringens. In contrast to B.
subtilis ATCC 6633, B. subtilis PB3 and B. subtilis PB6 were
antagonistic toward C. perfringens ATCC 13124. After 24 h of
incubation, the antagonistic effect of B. subtilis PB3 or B. sub-
tilis PB6 on the growth of C. perfringens ATCC 13124 could be
observed by the appearance of truncated clear zones surround-
ing the intersections of the streak lines of the test and indicator
organisms (Fig. 1). In contrast, none of the LAB strains iso-
lated was inhibitory toward C. perfringens ATCC 13124. Stud-
ies in our laboratory have indicated that fermented extracts of
B. subtilis PB6 were also inhibitory toward growth of C. per-
fringens ATCC 13124 (data not shown).

Effect of growth temperature and pH on the production of
anticlostridial factor. When B. subtilis PB6 was tested at var-
ious growth temperatures, no zone of inhibition was observed
with filtrates extracted from cultures grown at 45 and 50°C
(Table 1). There was no zone of inhibition with filtrate ex-
tracted from a bacterial culture grown at 25°C.

Results of the well diffusion assay indicated that there was
no zone of inhibition with filtrate from B. subtilis PB6 grown in
TSBYE broth at pH 5.0 (Table 1). However, when B. subtilis
PB6 was grown in TSBYE broth at pH 6.0, 6.2, or 7.0, various
degrees of antimicrobial activity against C. perfringens ATCC
13124 were observed (Table 1). The maximum anticlostridial

FIG. 1. Antagonism assay with B. subtilis PB6, B. subtilis ATCC 6633, and C. perfringens ATCC 13124.

TABLE 1. Factors affecting the anticlostridial activity of
B. subtilis PB6

Treatment Activity (%)

Enzymes (1 mg per ml)
Untreated filtrate........................................................................ 100
Catalase........................................................................................ 100
Pepsin........................................................................................... 91
Trypsin ......................................................................................... 80
Pronase......................................................................................... 0

Heat (15 min)
70°C .............................................................................................. 100
80°C .............................................................................................. 100
90°C .............................................................................................. 98
100°C ............................................................................................ 98
121°C ............................................................................................ 95

Organic solvents (50%, vol/vol)
Ethyl alcohol ............................................................................... 100
Methanol...................................................................................... 100
Acetone........................................................................................ 100
Acetonitrile.................................................................................. 100

Growth temp
25°C .............................................................................................. 0
30°C .............................................................................................. 55
37°C .............................................................................................. 100
45°C .............................................................................................. 0
50°C .............................................................................................. 0

pH of growth medium
5.0 ................................................................................................. 0
6.0 ................................................................................................. 68
6.2 ................................................................................................. 100
7.0 ................................................................................................. 91

Antimicrobial spectrum
Clostridium perfringens ATCC 13124........................................ 100
Clostridium difficilea .................................................................... 100
Streptococcus pneumoniaea ........................................................ 100
Campylobacter jejuni ATCC 35918........................................... 100
Campylobacter coli ATCC 51798 .............................................. 100

a Strains were isolates from patients in Singapore.
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activity was observed at pH 6.2 (Table 1). No zone of inhibition
was detected with negative controls using sterile TSBYE broth
at pH 5.0, 6.0, and 7.0.

Effects of enzymes, temperature, and solvents on anticlos-
tridial activity. When the filtrates of B. subtilis PB6 were
treated with pepsin, trypsin, and pronase, the sizes of the zones
of inhibition decreased significantly (8, 20, and 100%, respec-
tively) (Table 1). However, compared to the anticlostridial
effect of hydrogen peroxide, little or no change in the diameter
of the zone of inhibition was observed when the same filtrates
were treated with catalase (Table 1). No zones of inhibition
were observed with controls containing pepsin, trypsin, pro-
nase, and catalase (data not shown).

Very small or no significant decreases in the anticlostridial
activities of the filtrates from B. subtilis PB6 were observed
when they were heated at 70, 80, 90, 100, and 121°C for 15 min,
compared to the unheated filtrate (Table 1). When filtrates
from B. subtilis PB6 were treated with ethyl alcohol, methanol,
acetone, and acetonitrile, no loss of anticlostridial activity was
observed (Table 1).

Estimation of the molecular weight of anticlostridial factor
using mass spectroscopy-mass spectroscopy. A preliminary
scan study of the active CHCl3-isopropyl alcohol-extracted

fraction revealed two double-charged (M � 2H)2� species at
m/z 480.3 and 491.29 as major fragments along with a few other
minor fragments (Fig. 2). Another MS/MS scan study of the
ether-extracted fraction also revealed that a fragment at m/z
959.58 was the major fragment (Fig. 3).

DISCUSSION

The purposes of this study were to isolate beneficial bacteria
from various segments of the chicken intestinal tract and to
screen them as potential probiotics for use against C. perfrin-
gens. This study was based on previous studies which demon-
strated that the ability of probiotic microorganisms to adhere
to and colonize the epithelial cells of the gastrointestinal tract
is largely dependent on the specific site of isolation from a
specific animal source (8). There are many beneficial effects
associated with the use of microbial probiotics in animal feeds
(10). These beneficial effects include competitive exclusion of
pathogenic strains of E. coli (38), Campylobacter jejuni (24),
and Salmonella enterica serovar Enteritidis (28); enhancing the
growth and viability of beneficial gut microflora (14); and im-
proved digestion and absorption of nutrients (36) in chickens.
Other criteria used for isolating and defining probiotic bacteria

FIG. 2. Electrospray ionization liquid chromatography-MS/MS spectrum of the bacteriocin produced by B. subtilis PB6 with two double-
charged (M�2H)2� species at m/z 480.2979 and 491.2883.
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include bile and acid stability (13), production of antimicrobial
factors (32), and meeting safety or generally recognized as safe
status (Scientific Committee on Animal Nutrition). A number
of lactic acid bacteria have been shown to exhibit various
degrees of antimicrobial activity against Clostridium spp. Pre-
vious studies have shown that Lactobacillus rhamnosus (1),
Lactobacillus plantarum (40), Lactococcus lactis subsp. lactis
(35), and Pediococcus pentosaceus (9) are bactericidal for Clos-
tridium spp.

In the present study, five strains of lactic acid bacteria were
tested for antagonism toward C. perfringens ATCC 13124 with-
out production of a zone of inhibition (data not shown). How-
ever, two strains of B. subtilis, PB3 and PB6, exhibited antimi-
crobial activity against C. perfringens ATCC 13124. Findings
obtained in our laboratory showed that filtrates of these Ba-
cillus species contained a proteinaceous antimicrobial factor
that was stable in the presence of high heat and in the presence
of bile salt and solvents (Table 1) (34). Production of bacte-
riocins by Bacillus spp. has been reported previously, and the
best-characterized bacteriocins are subtilin of B. subtilis (16),
megacin of Bacillus megaterium (37), lichenin of B. lichenifor-
mis (29), tochicin of Bacillus thuringiensis (27), and the bacte-
riocins of Bacillus cereus (26). Despite extensive screening of
these bacteriocins against a wide spectrum of pathogenic mi-
croorganisms, there has been no report on the direct effect of
metabolites of B. subtilis on C. perfringens (34). Studies in our
laboratory revealed for the first time the anticlostridial bacte-

riocin of B. subtilis. In addition, the bacteriocins of B. subtilis
PB3 and B. subtilis PB6 were also inhibitory toward Clostridium
difficile, C. jejuni, Campylobacter coli, and Streptococcus pneu-
moniae (Table 1) (34).

Bacteriocins produced by lactic acid bacteria can be classi-
fied as either class I or II bacteriocins based on their molecular
weights (19). Although many class II antimicrobial peptides
are produced by LAB, it is probable that these nonlantibiotic
bacteriocins may also be produced by other gram-positive bac-
teria (25). Nevertheless, to date, no bacteriocins from the ge-
nus Bacillus have been characterized as members of class II.
Subtilin, a linear lantibiotic produced by B. subtilis, is a class I
bacteriocin (16). However, subtilosin, also produced by B. sub-
tilis, is a posttranslationally modified cyclic polypeptide that is
unlike the polypeptides of the class I or class II bacteriocins
(41). In the present study, the antimicrobial activity of B. sub-
tilis PB6 was susceptible to pronase and partially sensitive to
trypsin, suggesting that it is proteinaceous, as described previ-
ously (15). The fact that the antimicrobial substance retains
most of its activity after exposure to trypsin also provides
indirect evidence that the molecule may contain lipid or car-
bohydrate moieties as well. It can also be inferred that the
antimicrobial activity of the catalase-treated filtrate could not
be due to the production of hydrogen peroxide by B. subtilis
PB6 (Table 1). The inhibitory activity of the antimicrobial
factor was maintained after heating at 100 or 121°C for 15 min
(Table 1), indicating that it is likely to have a low molecular

FIG. 3. MS/MS spectrum of B. subtilis PB6 bacteriocin 1 ion at m/z 959.5787.
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weight (2). Although the thermal properties of the antimicro-
bial factor were very similar to those described by Baquero and
Moreno (2), the molecular weight of the putative bacteriocin
described in this study is considerably higher (2). Our initial
finding showed that the molecular mass of the putative bacte-
riocin produced by B. subtilis PB6 was estimated to be in the
range from 960 to 983 Da (Fig. 3). As far as we know, no
bacteriocin in this molecular mass range has been reported to
withstand heat treatment at 121°C for 15 min and still maintain
its activity.

In the present study, maximum antimicrobial activity was
observed when cells of B. subtilis PB6 were grown in broth at
pH 6.2 and incubated at 37°C (Table 1). Unlike LAB bacte-
riocins, which have a narrow antimicrobial spectrum (6), bac-
teriocins produced by Bacillus spp. have been reported to ex-
hibit distinct diversity in their inhibitory activities (3). In the
current study, the antimicrobial factor produced by B. subtilis
PB6 is typical of gram-positive bacteriocins (15) in being
broadly active against various strains of Clostridium spp., Strep-
tococcus spp., and Campylobacter spp. (Table 1). Specifically,
the spectrum of activity of this antimicrobial peptide includes
strains of C. perfringens which were implicated in outbreaks of
necrotic enteritis among poultry in Australia (21). The pro-
teinaceous nature of the antimicrobial factor and the retention
of the inhibitory activity after heat treatment are desirable
characteristics that make B. subtilis PB6 an attractive probiotic
candidate with potential application for prevention of necrotic
enteritis in poultry. In view of this, an in vivo broiler trial is
currently under way to test samples containing cells of B. sub-
tilis PB6 and its anticlostridial substance in a necrotic enteritis
disease model developed by researchers at the University of
New England in Australia (21).
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