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Commensal bacilli inhibitory to mastitis pathogens isolated
from the udder microbiota of healthy cows
M. Al-Qumber and J.R. Tagg

Department of Microbiology and Immunology, University of Otago, Dunedin, New Zealand

Introduction

Infection of the cow’s udder (bovine mastitis) is the most
costly disease for the dairy industry, and it has been esti-
mated that up to 200 microbial species are potential caus-
ative agents (Watts 1988; Blowey and Edmondson 1995).
The obvious inadequacies of current methods of mastitis
management (Bradley 2002) have created an urgent need
for more effective preventatives and treatments (Gruet
et al. 2001; Pyorala 2002). Nonpathogenic inhibitory bac-
teria known as probiotics are currently used to treat or
prevent a variety of infectious diseases of humans (Tagg
and Dierksen 2003) and some have also been proposed
for use as potential mastitis control agents (Pankey et al.
1985; Woodward et al. 1987, 1988; Greene et al. 1991).
Bacteriocins, including some that are known to be pro-
duced by probiotic bacteria, have also been recommended
for the control of mastitis (Ryan et al. 1998; Ross et al.

1999; Ryan et al. 1999). Bacteriocins are antimicrobial
peptides having a relatively narrow killing spectrum but
usually having most of their activity directed against other
bacteria closely related to the producing strain (Riley and
Wertz 2002a).

Woodward et al. (1987) found that the normal flora of
the cow udder contains bacteria producing inhibitory
activity against mastitis pathogens and attempted, in a
subsequent study, to apply some inhibitory isolates as
probiotics for mastitis prevention (Woodward et al.
1988). In other studies, Corynebacterium bovis, Lactobacil-
lus acidophilus and Lactobacillus casei strains were also
evaluated for the same purpose (Pankey et al. 1985;
Greene et al. 1991). However, in all of these studies, the
application of the probiotic bacteria resulted in an
increase in somatic cell count (SCC). SCC is a numerical
value that indicates cow udder health and mastitis suscep-
tibility and is defined as the count of white blood cells
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Abstract

Aims: To isolate from the microbiota of the healthy cow udder commensal
bacteria having antimicrobial activity against bovine mastitis pathogens, with a
long-term view to their potential application as antimastitis probiotics.
Methods and Results: Bacterial isolates from four healthy cow udders were tes-
ted for inhibitory activity against three Gram-positive indicator bacteria. This
led to the selection of nine broadly inhibitory strains. All were of the Bacillus
genus and their antimicrobial activities, which appeared heterogeneous on the
basis of their antibacterial spectra and heat susceptibilities, enabled grouping of
the inhibitory bacilli into six different inhibitory profiles. All displayed strong
in vitro activity against Gram-positive mastitis pathogens. Inhibitory bacilli
were recovered from each of the 11 udder samples collected over 7 months
from one of these cows and the isolates included representatives of all six
inhibitory profiles.
Conclusions: Bacilli present in the udder microbiota of healthy cows can pro-
duce a variety of broadly active inhibitors of Gram-positive bacteria, including
potential mastitis pathogens.
Significance and Impact of the Study: Inhibitor-producing strains of commen-
sal Bacillus species have been identified, which may have the potential for use
as possible antimastitis probiotics.
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and shed epithelial cells present in milk (Paape et al.
2003; Schukken et al. 2003). In the dairy market, SCC is
inversely proportional to milk price (Blowey and Ed-
mondson 1995). The elevated levels of SCCs meant that
the selected strains were unsatisfactory for mastitis control
(Pankey et al. 1985; Greene et al. 1991).

Various Bacillus species have been found to be part of
the bovine teat normal microflora (Woodward et al.
1987, 1988) and are also commonly isolated from both
raw and pasteurized milk (Gogov and Petrova-Ianakieva
1980; Pacova et al. 1996). Several Bacillus species inclu-
ding Bacillus subtilis, Bacillus cereus, Bacillus clausii and
Bacillus pumilus are already marketed as gastrointestinal
probiotics for both humans and animals (Hoa et al. 2000;
le Duc et al. 2004). Various strains of these species have
previously been shown to produce antibacterial lipopep-
tides and bacteriocins (Riley and Wertz 2002b; Bonmatin
et al. 2003; Korenblum et al. 2005).

In the present study, bacteria isolated from the udder
and milk samples from four healthy cows were screened
for antimicrobial activity against three Gram-positive tar-
get bacteria. This led to the selection of 33 inhibitor pro-
ducers, the normal antimicrobial producers (NAP) set of
strains. The isolates having the widest antimicrobial spec-
tra all belong to the Bacillus genus. Evaluation of isolates
of Bacillus species in the teat microflora of one healthy
cow over a 7-month period showed that there was con-
siderable heterogeneity among the population of strongly
inhibitory isolates and that the predominant inhibitory
strain frequently differed from one sampling session to
the next.

Materials and methods

Cows sampled

Four cows (numbers 55, 133, 138 and 153) known to
consistently have a low SCC were selected from a local
dairy herd for sampling. The higher the SCC value the
more susceptible the cow is to mastitis, or more likely it
is that the cow is currently suffering from a subclinical
asymptomatic infection. All of the cows were lactating
during the sampling period and maintained SCC values
between 17 000 and 64 000 cells per ml. Milk with SCC
limit of 750 000 and 500 000 may not be used for human
consumption in the USA and Canada, respectively (Sar-
geant et al. 1998). These values are about ten times higher
than the SCC values of the selected cows.

Sampling methods

All four cows were sampled at the commencement of the
study and then 1 month later. For cow 133, nine addi-

tional samples were obtained, evenly spaced over the fol-
lowing 6 months. Sampling was always in the evening
prior to the second milking session for the day. As the
focus of the study was on the microbial community of
the teat canal, this was reflected in the two sampling
methods used
l A sterile swab moistened with saline was rubbed over
the skin area around the teat canal orifice and then
immediately used for streaking on different agar media.
l Approx. 1 ml of milk was drawn into a sterile bottle
from each cow teat and this was then placed in an ice
bath. Within 45 min, a sterile swab was dipped into the
milk and used to inoculate the agar media.

Culture conditions

The skin and milk swabs were used to inoculate blood
agar calcium (BaCa) [Columbia agar base (Difco) plus
5% (v/v) human blood and 0Æ1% (w/v) CaCO3] and try-
pticase soy/yeast extract/calcium agar (TSYECa) [Trypti-
case soy broth (Becton Dickinson, Sparks, MD, USA)
plus 2% yeast extract (Difco), 1Æ5% Davis agar (Davis
Gelatine, Scientific Supplies, Auckland, NZ) and 0Æ1%
CaCO3]. Incubation was at 30!C for 48 h in air.

Bacterial strains

All of the bacterial strains used in this study were either
freshly obtained isolates from the bovine udder or
obtained from the culture collection of Prof. J.R. Tagg,
University of Otago, Dunedin, New Zealand (Table 1).
The indicator strains used for the inhibitory spectrum
studies were organized into sets (Table 1). Bacillus subtilis
ATCC 21332 [a known producer of surfactin (Peypoux
et al. 1999)] was included in the inhibitory spectrum
studies as a known inhibitor-positive control strain.

Testing for antimicrobial production

In the first two sampling sessions, about 700 bacterial iso-
lates from each of the four cows were tested on both
BaCa and TSYECa for inhibitory activity against the
indicators: Micrococcus luteus strain T-18, Lactococcus
lactis ssp. lactis strain T-21 and Staphylococcus aureus
strain Oxford using the simultaneous antagonism method
described previously (Tagg et al. 1973). Isolates that
showed inhibitory activity against at least two of these
indicators and/or against one indicator on both types of
test agar were selected to comprise the set of NAP set of
strains (Table 2). From each subsequent sampling session,
5–10 typical bacillus isolates from cow 133 were picked
and tested on both BaCa and TSYECa for simultaneous
antagonism inhibitory activity against the indicator
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Table 1 Indicator strains and their sensitivity in deferred antagonism testing to the B-set strains and the surfactin-producing Bacillus subtilis

(ATCC 21332)

Activity against indicator given by producer strain

6 19 20 25 30 31 32 33 33A ATCC 21332

Standard indicators

Micrococcus luteus strain T-18 3 3 3 1 3 3 3 3 1 2

Streptococcus pyogenes strain FF22 3 3 3 1 3 3 3 3 1 2

Streptococcus anginosus strain T-29 2 3 3 1 3 3 3 3 1 +/)
Streptococcus uberis strain T-6 1 3 3 1 3 3 3 3 1 )
Strep. pyogenes strain 71-679 2 3 3 1 3 3 3 3 3 1

Lactococcus lactis (ssp. lactis) strain T-21 2 3 3 2 3 3 3 3 2 1

Strep. pyogenes strain 71-698 2 3 3 3 3 3 3 3 1 1

Strep. pyogenes strain W-1 2 3 3 1 3 3 3 3 1 1

Streptococcus equisimilis strain T-148 2 3 3 1 3 3 3 3 1 1

Mastitis indicators

Enterococcus faecalis 96 (bacitracin-resistant strain M1) ) ) ) ) ) ) ) 3 ) )
Ent. faecalis 97 (bacitracin-resistant strain M2) ) ) ) ) ) ) ) 1 ) )
Ent. faecalis 98 (bacitracin-resistant strain M3) ) ) ) ) ) ) ) 1 ) )
Streptococcus dysgalactiae 60 1 2 2 1 2 2 3 3 1 2

Strep. dysgalactiae 61 1 2 2 1 2 2 3 3 1 2

Strep. dysgalactiae 62 1 2 2 1 2 2 3 3 1 2

Streptococcus agalactiae 76 1 2 2 1 2 2 3 3 1 2

Strep. agalactiae 77 1 2 2 1 2 2 3 2 1 2

Strep. agalactiae 78 1 2 2 1 2 2 3 3 1 )
Uberis indicators

Strep. uberis ATCC 27958 2 3 2 ) 3 3 3 3 ) )
Strep. uberis D618 2 3 2 1 3 3 3 3 1 )
Strep. uberis D531 2 3 2 1 3 3 3 3 1 )
Strep. uberis J2 ) 3 2 ) 3 3 3 3 ) )
Strep. uberis J9 2 3 2 1 3 3 3 3 1 )
Strep. uberis J29 2 3 2 1 3 3 3 3 1 )
Strep. uberis J4 ) 3 2 1 3 3 3 3 1 )
Strep. uberis D528 2 3 2 1 3 3 3 3 1 1

Staphylococcus indicators

Staphylococcus aureus strain Oxford (+) 2 3 ) 2 2 3 3 2 +/)
Staphylococcus epidermidis ATCC 12228 ) 3 3 ) 3 3 3 3 3 3

Staphylococcus warneri 2201 ) 3 3 ) 3 3 3 3 2 (+3)

Staphylococcus hominis 2203 ) 3 3 ) 3 3 3 3 3 3

Staph. aureus NCTC 8530 (+) 3 3 ) 3 3 3 3 3 +/)
Staphylococcus cohnii DSM 20260/ATCC 29974 ) 3 3 (+) 3 3 3 3 3 3

Staphylococcus saprophyticus NCTC 7792 ) 3 3 ) 3 3 3 3 3 (+3)

Staphylococcus xylosus DSM 20266 ) 2 3 ) 3 3 2 3 3 3

Staphylococcus simulans (+) 3 3 2 3 3 3 3 3 3

Staph. simulans (lysostaphin producer) ) 3 3 ) 3 3 3 3 2 )
Staph. aureus 4 (bacteriocin producer) (+) 3 3 ) 3 3 3 3 2 1

Staph. aureus 11 (bacteriocin producer) (+) 3 3 ) 3 3 3 3 2 1

Staph. aureus 46 (bacteriocin producer) (+) 3 3 ) 3 3 3 3 1 2

Staph. aureus 55 (bacteriocin producer) (+) 3 3 ) 3 3 3 3 2 1

Staph. aureus (epidemic methicillin resistance strain) (+) 2 3 ) 3 3 3 3 2 )
Staph. aureus (epidemic methicillin resistance strain) (+) 3 3 ) 3 3 3 3 2 (+)

Staph. aureus (epidemic methicillin resistance strain) (+) 2 3 ) 3 3 3 3 2 )
Staph. aureus (Western Samoan Phage Pattern-4) (+) 3 3 ) 3 3 3 3 2 )
Staph. aureus (Western Samoan Phage Pattern-5) (+) 3 3 ) 3 3 3 3 2 )
Staph. aureus (Western Samoan Phage Pattern-B) (+) 3 3 ) 3 3 3 3 2 )
Staph. aureus MR01/2894 (+) 3 3 ) 3 3 3 3 2 )
Staph. aureus MR01/2898 (+) 3 3 ) 3 3 3 3 2 )
Staph. aureus MRS03/3283 MR/AK1 CMRSA (+) 3 3 ) 3 3 3 3 2 (+)
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bacteria M. luteus strain T-18, Bacillus thuringiensis strain
6 and B. pumilus strain 19.

Spectrum of antimicrobial activity of inhibitory isolates

This was determined using the deferred antagonism
method essentially as described previously (Tagg and
Bannister 1979) but with the use of TSYECa as the agar
medium and incubation of the test inhibitor–producer
strain for 12 h at 37!C in an atmosphere of 5% CO2 in
air. Sterilization of the agar surface, after removal of the
producer streak culture and prior to cross-streaking the
indicator strains, was carried out by exposure to ultra-
violet irradiation (30 min at a distance of 15 cm using a
540 kW lamp).

Freeze–thaw extraction and heat stability of inhibitors

The producer strains were grown as a lawn on Columbia
agar base (Difco) for 12 h at 37!C in an atmosphere of 5%
CO2 in air. After incubation, the plates were frozen at
)70!C for 3–4 h, and then thawed at room temperature.
The frozen agar exudes liquid as it thaws. This was collec-
ted, clarified by centrifugation and tested for inhibitory
activity by the spot assay. In this assay, 20 ll of the super-
natant is spotted on the surface of a BaCa plate and
allowed to dry before sterilization of the agar surface by
exposure to ultraviolet irradiation. Micrococcus luteus
strain T-18 is then applied evenly as a confluent lawn using
a cotton swab charged by dipping into a Todd–Hewitt
Broth (12 h, 37!C in 5% CO2 in air) culture. After incuba-
tion, the lawn culture is examined for zones of inhibition.

The freeze–thaw-extracted inhibitor preparations were tes-
ted for heat stability by incubating at 80!C for 15, 30, 40
or 60 min and then testing for activity against M. luteus
strain T-18 by the spot assay. Samples retaining activity
after heating for 60 min were autoclaved for 15 min at
1Æ1 kg cm)2, 121!C and tested by the spot assay.

PCR detection of nonribosomal peptide synthetase genes

DNA extraction was performed using a Qiagen DNeasy
tissue kit (QIAGEN, Hilden, Germany) according to the
provided instructions using 4 h logarithmic growth phase
cells in Todd–Hewitt Broth subjected to three cycles of
freezing and thawing prior to DNA extraction. Custom
oligonucleotide primers (Table 3) were synthesized by
GIBCO BRL Life Technologies (Invitrogen, Auckland,
New Zealand). The TGD and LGG primers were used to
amplify NRPS genes from chromosomal DNA of the test
strains using the PCR amplification conditions described
previously (Turgay and Marahiel 1994). PCR reactions
were carried out in a Hybaid PCR Express machine
(Eppendorf, Hamburg, Germany). Annealing tempera-
tures were as required for each primer pair. The elonga-
tion time was usually 1 min at 65!C for every kilobase of
DNA to be amplified. Eppendorf molecular chemicals
provided the Taq DNA polymerase (5 U ll)1) and 10·
PCR buffer. Roche molecular chemicals (Mannheim,
Germany) provided the nucleotide mix (0Æ1 mol of each
nucleotide). Each 50 ll reaction had 1–2 ll of DNA, 1 ll
of each primer (4 ng), 5 ll of 10· buffer, 1 ll of PCR
nucleotide mix, 0Æ5 ll of Taq polymerase and the volume
was made up to 50 ll with sterile MQ water.

Table 1 Continued

Activity against indicator given by producer strain

6 19 20 25 30 31 32 33 33A ATCC 21332

Staph. aureus MRS03/3308 MR/AK1 (+) 3 3 ) 3 3 3 3 2 (+)

Staph. aureus Oxford resistance to SA 4 ) 2 2 ) 2 2 2 2 2 (+)

Staph. aureus Oxford resistant to SA 46 ) 2 2 ) 2 2 2 2 2 (+)

Antibiotic resistant set

Bacitracin-resistant Enterococcus strain E1 ) ) ) 1 +/) ) ) 2 ) NT

Vancomycin-resistant Enterococcus strain E2 ) ) ) 1 1 ) ) 2 ) NT

Gentamicin-resistant Enterococcus strain E3 ) 1 1 1 1 1 1 2 ) NT

Nonantibiotic-resistant Enterococcus strain E4 (isogenic to E1) ) ) ) 1 1 ) ) 2 ) NT

Nonantibiotic-resistant Enterococcus strain E5 ) ) ) 1 1 ) ) 2 ) NT

Candida indicators

Candida albicans ATCC 10261 ) ) ) ) 1 ) +/) ) ) NT

Candida albicans MEN ) ) ) ) ) ) ) ) ) NT

Candida albicans IFO 1060 ) ) ) ) 2 1 ) ) ) NT

NT, not tested; (+), presence of growth within the zone of inhibition; +/), reduction of indicator growth but without a clear zone of inhibition;

), NO zone of inhibition; 1, zone of inhibition not wider than the edges of producer streak; 2, zone of inhibition up to twice the width of produ-

cer streak; 3, zone of inhibition wider than twice the producer streak.
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Results

Isolation and classification of inhibitory bacilli

The NAP set (Table 2) consisted of 20 Gram-positive
cocci and 13 Gram-positive bacilli. These were the isolates

from cows 55, 133, 138 and 153 that displayed relatively
strong inhibitory activity when approx. 2800 colonies
grown from their teat swabbings or milk cultures
(obtained in the sampling sessions 1 and 2) were tested
for simultaneous antagonism activity against the antimi-
crobial detector strains M. luteus, L. lactis and Staph.

Table 3 PCR primers used in this study
Primer name Primer sequence (5¢–3¢) Source of primer sequence

TGD TWY CGI ACI GGI GAY YKI GKI CG Turgay and Marahiel (1994)

LGG AWI GAR KSI CCI CCI RRS IMR AAR AA Turgay and Marahiel (1994)

16S Fw GGA CTA HAG GGT ATC TAA T Wilson et al. (1990)

16S Re AGA GTT TGA TCM TGG Wilson et al. (1990)

Table 2 Simultaneous antagonism inhibitory activity of the NAP set of isolates on BaCa and TSYECa against indicators Micrococcus luteus strain

T-18, Lactococcus lactis ssp. lactis and Staphylococcus aureus strain Oxford

Strain Cow Gram stain Source

Activity against

M. luteus strain T-18

Activity against

L. lactis ssp. lactis

Activity against

Staph. aureus strain

Oxford

BaCa TSYECa BaCa TSYECa BaCa TSYECa

1 133 Cocci Milk 0 6 0 0 4 4

2 133 Cocci Milk 0 6 0 0 4 4

3 133 Cocci Milk 0 6 0 0 4 4

4 133 Cocci Milk 0 6 0 0 4 4

5 133 Cocci Milk 0 4 0 0 4 4

6 133 Bacilli Milk 6 6 0 0 0 0

7 133 Cocci Milk 8 10 0 0 0 0

8 133 Cocci Milk 8 10 0 0 0 0

9 133 Cocci Milk 8 10 0 0 0 0

10 133 Cocci Milk 8 10 0 0 0 0

11 133 Cocci Milk 8 10 0 0 0 0

12 133 Cocci Milk 8 10 0 0 0 0

13 133 Cocci Milk 8 10 0 0 0 0

14 133 Cocci Milk 8 10 0 0 0 0

15 133 Cocci Teat skin 8 6 0 0 4 4

16 133 Bacilli Teat skin 8 12 4 6 0 0

17 133 Cocci Teat skin 10 12 4 0 0 0

18 133 Cocci Teat skin 6 4 0 0 0 0

19 133 Bacilli Teat skin 6 8 0 6 0 4

20 133 Bacilli Teat skin 5 16 4 6 0 4

21 133 Cocci Teat skin 8 8 4 0 4 6

22 133 Cocci Teat skin 4 6 0 0 0 6

23 133 Cocci Teat skin 4 6 0 0 4 8

24 133 Cocci Teat skin 4 6 0 4 4 8

25 138 Bacilli Milk 4 8 0 0 0 0

26 138 Bacilli Teat skin 8 4 0 0 0 0

27 138 Bacilli Milk 6 6 0 0 0 0

28 138 Bacilli Milk 6 4 4 0 0 0

29 153 Bacilli Teat skin 8 6 0 0 0 0

30 153 Bacilli Teat skin 8 6 0 8 0 4

31 153 Bacilli Milk 8 8 0 6 0 4

32 153 Bacilli Milk 8 12 0 4 0 0

33 133 Bacilli Milk 18 20 10 10 8 10

Activity is diameter (in mm) of inhibitory zone; BaCa, blood agar calcium; TSYECa, tryptic soy yeast extract calcium agar; Gram stain, all strains

were Gram-positive.
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aureus on BaCa and TSYECa medium. Interestingly, 25
(76%) of the inhibitory isolates were recovered from cow
133, and no isolates strongly inhibitory to the three indi-
cator strains were detected in the samples from cow 55.
Of the NAP set members, only eight (all of them bacilli)
were found on subsequent deferred antagonism testing
(Table 1) to be inhibitory to all nine bacteria in the
‘standard set’ of bacteriocin indicator strains and also to
at least six of the strains in the ‘mastitis set’ of bacteria.
These more strongly inhibitory bacilli, plus one additional
inhibitory bacillus (strain 33A) obtained from cow 133
during the fourth sampling session, are referred to as the
B-set, and can be arranged into six groups (B-profiles I–
VI) on the basis of their different deferred antagonism
inhibition profiles when all eight of these strains are
cross-tested on TSYECa (Table 4).

Strongly inhibitory bacilli were recovered from three of
the four cows tested in sampling sessions 1 and 2, and
the representative inhibitory bacilli from each cow exhib-
ited different B-profiles (Table 4). From the examination
of these cross-testing profiles (Table 4), it was evident
that if both strain 6 and strain 19 were used as indicator
bacteria, the inhibitory products of all of the Bacillus spe-
cies strains in the B-set could be detected. Subsequently,
representative bacilli isolated from cow 133 obtained dur-
ing a series of nine additional sampling sessions over the
next 6 months were screened for inhibitory activity
against M. luteus and Bacillus species strains 6 and 19.

Strains found to inhibit M. luteus and at least one of
these Bacillus species strains were then further assessed
for their B-profile (Table 5). It can be seen that bacilli of
B-profiles I, III, IV and VI were all recovered on more
than a single occasion as predominant members of the
populations of inhibitory bacilli in the milk or teat sam-
ples of cow 133. Furthermore, inhibitory bacilli of the
other two B-profile types (i.e. II and V) were also each
detected in single samples from cow 133. Clearly this ani-
mal, which maintained low SCC readings throughout the
study, persistently harboured a heterogeneous population
of inhibitory bacilli within its udder microflora.

Characterization of the inhibitory activities of B-set of
bacilli

Evaluation of the extended spectra of the B-set Bacillus
species strains showed them to be inhibitory to a wide
variety of clinical pathogens and laboratory control strains
(Table 1). The known surfactin-producing B. subtilis
ATCC 21332 was included for comparative purposes. All
of the B-set strains displayed broader inhibitory activity
than that attributed to surfactin against the standard,
mastitis and uberis sets of indicators and all but strains 6
and 25 were also substantially more active against the set
of Staphylococcus indicators. The most broadly active of
the inhibitory Bacillus species was strain 33 that was
inhibitory to all of the tested Gram-positive bacteria. The

Table 4 B-profile classification of the nine

inhibitory bacilli (B-set) according to their

cross-immunity profiles in deferred antagon-

ism tests on TSYECa agar

Activity against indicator give by producer strain

6 19 20 25 30 31 32 33 33A

Indicator 6 ) + + + + + + + +

Indicator 19 + ) ) + ) ) ) + +

Indicator 20 )/+ ) ) + ) ) ) + +

Indicator 25 )/+ )/+ )/+ )/+ + + + + +

Indicator 30 )/+ ) ) + ) ) ) + +

Indicator 31 )/+ ) ) + ) ) ) + +

Indicator 32 ) ) ) + ) ) ) + +

Indicator 33 ) ) ) ) ) ) ) ) +

Indicator 33A ) ) ) ) ) ) ) + )

B-profile III I I V II II II IV VI

Cow number 133 133 133 138 153 153 153 133 133

Table 5 B-profiles of predominant inhibitory

bacilli isolated from cow 133 during 11

sampling sessions

Sampling session 1 2 3 4 5 6 7 8 9 10 11

B-profile of isolate* I/II! IV IV V/VI" V I III I III I VI

Number of isolates§ 4 5 3 2 1 5 3 2 2 3 4

*On each occasion, all recovered inhibitory bacilli were examined for their B-profile identity.

!One isolate was B-profile I and three were profile II.

"One isolate of each B-profile was detected.

§Number of bacilli inhibitory to Micrococcus luteus strain T-18 and also to either or both bacillus

strain 6 and strain 19.
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anti-enterococcus activity of this strain was particularly
distinctive. Strain 30, although less active than strain 33
against enterococci, displayed moderate activity against
candida.
The freeze–thaw-extracted inhibitor preparations from

strains 30–32 lost activity after heating for 30 min at
80!C. The activity of strain 20 was, however, somewhat
more stable, requiring at least 40 min at 80!C to achieve
inactivation. By contrast, the inhibitory agents produced
by strains 6, 19, 25, 33, 33A and B. subtilis ATCC 21332
were extremely stable to heating, all retaining activity
even after autoclaving for 15 min at 1Æ1 kg cm)2, 121!C.
The TGD and LGG primers amplified regions encoding

peptide synthetases from the chromosomal DNA of
strains representative of B-profiles II (strain 32), III
(strain 6), IV (strain 33), V (strain 25) and VI (strain
33A) and from the (control) surfactin producer B. subtilis
ATTC 21332. The corresponding amino acid sequences,
as determined by the BLASTX program [NCBI website
(Altschul et al. 1997)], were homologous to those of
known peptide synthetases of the type responsible for the
production of bacitracin and other antibiotics (Table 6).
The 16S primers were used to help establish the species

identity of the inhibitory bacilli (Wilson et al. 1990) by
determining the similarities of the obtained sequences to
those of known Bacillus species using the BLASTN pro-
gram (Altschul et al. 1997). The obtained 16S rDNA
sequences from strains 19, 20, 30, 32 and 33 showed
more than 97% similarity to B. pumilus 16S rDNA.
Strains 25, 31 and 33A sequences revealed more than
92% similarity to both B. subtilis and Bacillus lichenifor-
mis. Strain 6 sequence showed 97% similarity with both
B. thuringiensis and B. cereus.

Discussion

Woodward et al. (1987) found that all of 28 inhibitory
isolates recovered from the bovine teat skin normal flora

were Gram-positive bacteria, with 11 (39%) being bacilli.
We studied 33 bacteria (the NAP set) selected as repre-
sentative inhibitor producers from around 2800 tested
colonies from the teat swabbings or milk samples of the
four healthy cows. Thirteen (39%) of the NAP set strains
were bacilli, matching the proportion detected in the ear-
lier study. Both studies have established that the cow
udder normal flora commonly contains inhibitory Gram-
positive bacteria and that this population contains a large
proportion of strongly inhibitory bacilli. Nine of the
inhibitory bacilli in the present study had strong activity
in deferred antagonism tests against all members of a
set of standard bacteriocin indicator strains and at least
six members of a set of nine strains representing the
common mastitis-associated species Enterococcus faecalis,
Streptococcus agalactiae and Streptococcus dysgalactiae.
These nine strains (referred to as the B-set) were selected
for more intensive study. The B-profile classification divi-
ded the selected inhibitory bacilli into six groups based
on their inhibitory activities. This classification revealed
that three of the four sampled cows had Bacillus species
isolates exhibiting distinctive B-profiles, showing that
considerable heterogeneity exists in the Bacillus species
content of the teat microflora within a single herd. Fur-
thermore, the fact that strains of the same B-profiles were
readily recovered from follow-up milk or teat orifice sam-
ples collected from one cow indicates that inhibitory
Bacillus species may be capable of persisting as numeric-
ally significant members of the teat microflora for exten-
ded periods.

Spectrum studies indicated that several B-set strains
were more active than B. subtilis ATCC 21332 (surfactin
producer) against strains of Streptococcus uberis and sta-
phylococci, both of which are major mastitis pathogens
(Watts 1988; Blowey and Edmondson 1995; Bradley
2002). Among the strains strongly inhibited by B. pumilus
strain 33 were strains of methicillin-resistant Staph. aureus
and vancomycin-resistant enterococci, indicating that the

Table 6 Homologies identified for the

putative protein products of PCR-amplified

peptide synthetase gene regions from bacilli

representing the different B-profiles

Strain B-profile BLASTX result E value

19 I Not sequenced NA

32 II Surfactin synthetase B from Bacillus amyloliquefaciens 4e-36

6 III Peptide synthetase from Bacillus cereus ATCC 14579 5e-45

33 IV Bacitracin synthetase 3 from Bacillus licheniformis 4e-37

25 V Surfactin synthetase from Bacillus subtilis ATCC 21332 0

33A VI Lichenysin synthetase A from B. licheniformis 2e-38

ATTC 21332 Surfactin synthetase from B. subtilis ATCC 21332 0

E value, the expected value (E) is a parameter that describes the number of hits one can

‘expect’ to see just by chance. It describes the random background noise. An Evalue of 1

assigned to a hit can be interpreted as meaning that in a database of the current size one might

expect to see one match with a similar score simply by chance. This means that the lower the E

value or the closer it is to ‘0’, the more ‘significant’ the match; NA, not applicable.

Bacilli in the cow udder microbiota M. Al-Qumber and J.R. Tagg

1158 Journal compilation ª 2006 The Society for Applied Microbiology, Journal of Applied Microbiology 101 (2006) 1152–1160
ª 2006 The Authors



mode of action of the strain 33 inhibitor differs from that
of these two clinically important antibiotics. Interestingly,
the bacitracin-resistant strains of enterococci (E1, M1, M2
and M3) appeared resistant to the inhibitory activity of B.
pumilus strain 30, while bacitracin-sensitive enterococci
[including an isogenic derivative (E4) of the resistant
strain (E1)] were sensitive. Therefore, the strain 30 inhib-
itor may be bacitracin-like in its activity.

All of the B-set members produced strong inhibitory
activity when grown on TSYECa and BaCa. By contrast,
unshaken cultures in various liquid media including
Todd–Hewitt Broth, tryptic soy broth and brain heart
infusion failed to produce detectable inhibitory activity
(results not shown). Difficulties associated with the pro-
duction of Bacillus species inhibitors (lipopeptides) have
been encountered by many research groups, and in cer-
tain cases the production of antimicrobials by some
strains was found to be dependent on biofilm-specific sig-
nalling associated with the achieving of critical cell densi-
ties in cultures and direct exposure to air (Yan et al.
2003). Such observations are consistent with biofilms
being the most common and preferred growth mode of
bacteria in nature (Costerton et al. 1995). In the present
study, growth of the Bacillus species strains as a biofilm-
like lawn culture on the surface of agar plates was found
to be a good method for inhibitor production. Similarly,
a B. licheniformis strain was found to produce antimicro-
bials when growing as a biofilm in an air-membrane sur-
face bioreactor but not in shake flask liquid cultures (Yan
et al. 2003). Induction of antimicrobial production could,
however, be induced by the addition to liquid cultures of
extracellular products formed by the biofilm-cultured
bacilli (Yan et al. 2003).

Transitory colonization with probiotics has been repor-
ted to produce a beneficial outcome in humans (Guarner
and Schaafsma 1998; Hoa et al. 2000; Ouwehand et al.
2002; le Duc et al. 2004), Indeed, Bacillus species, not
identified as part of the normal gastrointestinal flora, have
been used as gastrointestinal probiotics and their effect-
iveness seems to be achieved in the course of passage
without germination (Hoa et al. 2000; le Duc et al. 2004).
In the present study, the isolated inhibitory Bacillus spe-
cies appear to be part of the cow udder normal flora, a
finding which is in agreement with the previous reports
(Woodward et al. 1987, 1988) and documentation that
they are commonly isolated from both raw and pasteur-
ized milk (Gogov and Petrova-Ianakieva 1980; Pacova
et al. 1996). We have shown that inhibitory bacilli can
comprise a considerable proportion of the normal flora
of the healthy bovine teat and that the activity of some of
these strains is very broad against Gram-positive mastitis
pathogens. Therefore, we speculate that the potential for
the use of strains of inhibitory Bacillus species as anti-

mastitis probiotics appears higher and indeed easier
to substantiate them for their existing applications as
gastrointestinal probiotics for humans and farmed ani-
mals. These strains could be applied orally or directly to
the udder skin. Oral administration could achieve colon-
ization of the udder similar to vaginal colonization of
lactobacilli following their oral intake in humans (Reid
et al. 2003). Whether strains such as those isolated in the
current study fulfil this potential will depend upon the
outcome of controlled field trials.
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