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Abstract

The aim of this study was to evaluate the anti-microbial effectiveness of a dairy extract (LactiSAL�) against Salmonella enterica

Typhimurium and Escherichia coli O157:H7 attached to different beef carcass surfaces. Three beef carcass surface types were investigated
in this study; fat, lean and cut surfaces. Samples were surface inoculated with 6 log10 cfu cm�2 of either S. Typhimurium or E. coli O157:H7
and left at room temperature for 30 min to allow for bacterial attachment. Samples were then treated by spraying with the dairy extract
(LactiSAL�) and sampled over a 3 h period. The application of the novel dairy extract resulted in a 5–6 log10 cfu cm�2 reduction in S.
Typhimurium numbers and 2–5 log10 cfu cm�2 reduction in E. coli O157:H7 numbers on beef carcass surfaces. The results of this study
showed that LactiSAL� would have great potential as a decontaminating agent and could be used to enhance the safety of beef carcasses.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

It is widely accepted that the implementation of hazard
analysis and critical control point (HACCP) is the most
effective means of enhancing the safety of beef (Bolton,
Sheridan, & Doherty, 2000). This is reflected in the Euro-
pean Commission Decision of the 8th of June 2001
(2001/471/EEC) and in the subsequent hygiene regulations
introduced in 2006, which legally mandate full HACCP in
all meat plants throughout the EU. Cattle are a significant
source of Escherichia coli O157:H7 and Salmonella (Bol-
ton, Maunsell, & Howlett, 2004; Kerr & Sheridan, 2002;
McEvoy, 2002) and microbial contamination of carcasses
during slaughter is unavoidable (Koutsoumanis et al.,
2004). In order to prevent or minimise contamination dur-
0956-7135/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/j.foodcont.2007.05.005

* Corresponding author. Tel.: +353 (0)1 805 9539; fax: +353 (0)1 805
9550.

E-mail address: declan.bolton@teagasc.ie (D.J. Bolton).
ing the slaughter process all aspects of the slaughter process
should be controlled to minimise contamination.

Several beef HACCP intervention systems have been
validated for the use as CCPs, to reduce bacterial popula-
tions on meat and poultry carcasses (Bolton, Doherty, &
Sheridan, 2001). The application of decontaminating
agents is generally regarded as an effective intervention
for reducing microbial contamination on carcasses and
these are widely used in the USA (Smulders & Greer,
1998). However, anti-microbial agents must first be vali-
dated prior to application.

The majority of carcass decontamination interventions
are based on the application of dilute solutions of organic
acids such as acetic and lactic acid (Dorsa, Cutter, & Sira-
gusa, 1998), steam pasteurisation (Nutsch et al., 1998) or a
combination of both (Sofos & Smith, 1998). There are
varying reports in the literature on the decontaminating
effects of organic acids (Avens et al., 1996; Prasai et al.,
1991). Other agents such as natural extracts that exhibit
anti-microbial activity have also been reported recently in
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the literature (Ahn, Grun, & Mustapha, 2004; Burt, 2004).
Activated lactoferrin, a protein found in milk, has been
recently approved by the US Department of Agriculture
for use on fresh beef to help prevent bacterial contamina-
tion (Naidu, 2002). Another compound is Lactic Immune
Surface Adhesion Limitation (LactiSAL�), a novel anti-
microbial composed of milk serum apo-proteins and free
fatty acids (www.westgate.ie).

LactiSAL� is a replica of the naturally occurring enzyme
activated anti-microbial system that is generated from milk
by neonatal salivary lipase in all mammals during the suck-
ling process. In mammalian milk, the lipid or butterfat com-
ponent is surrounded by a milk fat globule membrane
consisting largely of proteins with conjugated lipid (lipo-
protein). The suckling process creates a shear effect in the
milk which splits the fat milk globule membrane exposing
the lipid to the hydrolytic effect of lipase enzymes in neona-
tal saliva. The concentration of salivary or pre-gastric lipase
in neonatal saliva is much greater than that in the adult and
these enzymes preferentially hydrolyse at the sn-3 position
of the milk triglyceride, where short to medium chain satu-
rated fatty acids are predominant (Isaacs, 2001). Short to
medium saturated fatty acids range from butyric (C4) to
lauric (C12) and include, caproic, caprylic, capric and lau-
ric, which are well known to have bactericidal properties
(Sun, O’Connor, & Roberton, 2002).

The objective of this study was to determine the anti-
microbial effects of this dairy extract (LactiSAL�) against
S. Typhimurium and E. coli O157:H7 attached to different
beef carcass surfaces.

2. Methodology

2.1. Bacterial cultures

A bovine faecal isolate of S. Typhimurium was obtained
from the Central Veterinary Research Laboratory
(Abbotstown, Castleknock, Dublin 15) while the bovine
faecal isolate E. coli O157:H7 was obtained from the cul-
ture collection at Ashtown Food Research Centre (AFRC).
To facilitate recovery of these organisms during the course
of the experiment, an antibiotic resistant mutant of each
bacterium resistant to 1000 lg ml�1 of streptomycin sul-
phate was prepared as described by Blackburn and Davies
(1994), and stored on Protect beads (Technical Service
Consultant Ltd., UK) at �20 �C.

2.2. Dairy extract (LactiSAL�)

The dairy extract (LactiSAL�) formulation was supplied
as an oil (Westgate Biological Ltd., UCD, Dublin 4) in a
hand-sized spray operated bottle.

2.3. Inoculum preparation

One bead containing S. Typhimurium was aseptically
transferred to 30 ml of Brain Heart Infusion broth (BHI,
Oxoid) and incubated at 37 �C for 6 h. Following incuba-
tion, a 1 ml aliquot of the culture was transferred to
100 ml BHI and incubated for a further 18 h at 37 �C.
The culture was then centrifuged (Eppendorf centrifuge
5403) at 3000g for 10 min at 4 �C. The recovered pellet
was washed three times in maximum recovery diluent
(MRD, Oxoid) and resuspended in 10 ml of MRD to pro-
duce a culture containing 9 log10 S. Typhimurium ml�1.
The suspension was subsequently serially diluted (1 in 10)
in MRD, to form the inoculum suspension containing
approximately 8 log10 S. Typhimurium ml�1. This proce-
dure was also performed for E. coli O157:H7. The number
of bacteria was enumerated by using the appropriate selec-
tive agar: for Salmonella, Brilliant Green agar (BGA,
Oxoid), incubated at 37 �C for 24 h and for E. coli

O157:H7, Sorbitol MacConkey agar (SMAC, Oxoid) incu-
bated at 37 �C for 24 h.

2.4. Preparation of meat samples

The meat used in the experiment was obtained from an
experimental abattoir, located at AFRC, designed for low-
throughput slaughter and processing of cattle, sheep and
pigs. Fat surface meat, lean surface meat and cut surface
meat were obtained in the following ways: Following car-
cass splitting a section (approximately 200 cm2 area) from
the surface of the brisket (representing fat tissue), neck
(representing lean tissue) and neck taken from the cut sur-
face following head removal (representing cut tissue) were
removed, placed directly into sterile stomacher bags and
transported to the laboratory.

On arrival at the laboratory the three meat types were
placed onto foil trays. Excision samples were taken from
the fat surface (brisket) by cutting areas of 5 cm2 using a
sterile cork borer (2.5 cm), blade and forceps (70% ethanol
flamed, between uses). The excised fat surface samples were
placed in two foil trays, with the carcass surface side facing
upwards. One tray contained the samples for treatment
while the other contained the control samples. This proce-
dure was repeated for the lean and cut surface, resulting in
six trays of excised meat samples.

2.5. Inoculation of meat surfaces

All samples were surface inoculated with 20 ll of
S. Typhimurium inoculum containing (8 log10 ml�1) by
pipetting approximately 4 ll of inoculum at five different
points on the sample surface and spreading with a pipette
to ensure an even distribution of cells. This was performed
in a laminar flow cabinet and yielded approximately
6 log10 cfu cm�2. The meat pieces were then left at room
temperature for 30 min to allow for bacterial attachment
(Warriner et al., 2001). Following attachment, each excised
sample in the treatment tray was sprayed with the dairy
extract (LactiSAL�) as follows. The surface side of each
sample was mist sprayed with three sprays (approximately
5 ml) from a 30 ml, plastic, trigger spray bottle positioned
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Table 1
The effect of the dairy extract on the survival of S. Typhi-
murium log10 cfu cm�2 on the fat, lean and cut surfaces

log10 cfu cm�2

Fat Lean Cut

Untreated

0 min 5.92 6.06 6.22
1 h 6.04 5.87 6.14
2 h 5.80 5.96 6.25
3 h 5.68 6.02 6.14

Treated

0 min 1.22 ND ND
1 h 1.83 ND 1.15
2 h NDa 1.36 1.72
3 h ND ND ND

SEDb 0.6518 0.6518 0.6518
dfc 43 43 43

a ND = not detected.
b SED = standard error of differences between mean log values.
c df = residual degrees of freedom.

Table 2
The effect of the dairy extract on the survival of E. coli O157:
H7 log10 cfu cm�2 on the fat, lean and cut surfaces

log10 cfu cm�2

Fat Lean Cut

Untreated

0 min 6.27 6.26 6.25
1 h 6.17 6.26 6.30
2 h 6.11 6.28 6.22
3 h 6.11 5.90 6.29

Treated

0 min 2.65 2.23 4.82
1 h 2.17 2.59 2.93
2 h 2.36 1.96 3.41
3 h 1.10 1.98 4.09

SEDa 0.8374 0.8374 0.8374
dfb 34 34 34

a SED = standard error of differences between mean log values.
b df = residual degrees of freedom.
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approximately 5 cm away from each meat sample, until the
surface was completely saturated. Both treated and control
samples were then stored at 10 �C. This procedure was also
repeated for E. coli O157:H7.

2.6. Microbiological analyses

Duplicate samples from each tray were taken at four
time points (0 min, 1 h, 2 h and 3 h), placed into separate
stomacher bags and stomached with 100 ml MRD in a Col-
worth Stomacher (Model BA 6024, A. J. Steward & Com-
pany Ltd., London, UK). Serial dilutions of the resultant
bacterial suspension were prepared and plated onto the
appropriate media. For the enumeration of Salmonella,
samples were plated onto BGA, (Oxoid) (supplemented
with streptomycin sulphate) (1000 lg ml�1) and incubated
at 37 �C for 24 h. E. coli O157:H7 samples were enumer-
ated on SMAC (Oxoid) (supplemented with streptomycin
sulphate) (1000 lg ml�1) incubated at 37 �C for 24 h.

2.7. Statistical analysis

The counts obtained from each sample were averaged
and converted to log10 cfu cm�2. Three separate replica-
tions were performed, with all analysis conducted in dupli-
cate in each replication. Analysis of variance of log10

bacterial counts was performed using Genstat 5 (Statistics
Department, Rothamsted Experimental Station, Hertford-
shire, UK). A log value of 0.5 cm�2 was assumed for sam-
ples in which bacterial counts were not detected at the level
of 1 cfu per 5 cm�2.

3. Results

The effect of the dairy extract (LactiSAL�) on the inac-
tivation of S. Typhimurium on the fat, lean and cut
meat surfaces are presented in Table 1. In the untreated
(control) samples the number of S. Typhimurium remained
unchanged over the duration of the experiment, at approx-
imately 6.0 log10 cfu cm�2. When samples were treated with
the dairy extract an immediate significant (P < 0.001) 5–6
log10 cfu cm�2 reduction in S. Typhimurium was obtained.
There was no significant difference between the numbers
of S. Typhimurium recovered the fat, lean or cut
surfaces.

The effect of the dairy extract (LactiSAL�) on the inac-
tivation of E. coli O157:H7 on the fat, lean and cut surfaces
are presented in Table 2. In the untreated (control) samples
the numbers of E. coli O157:H7 remained unchanged
over the course of the experiment at approximately
6.3 log10 cfu cm�2. When samples were treated with the
dairy extract the E. coli O157:H7 numbers were signifi-
cantly reduced (P < 0.001) at time zero to 2.65 and
2.23 log10 cfu cm�2 on fat and lean meat surfaces, respec-
tively. The numbers of E. coli O157:H7 surviving on the
treated fat and lean meat pieces declined further to 1.1
and 1.98 log10 cfu cm�2 respectively over the following
3 h. When the cut surface meat samples were sprayed with
the dairy extract, E. coli O157:H7 numbers were reduced,
although not significantly.

4. Discussion

The legal mandating of HACCP in all meat processing
plants has resulted in a greater awareness by industry of
pathogen contamination on meat carcasses and in meat
products. Although meat processors strive to produce meat
products that have low levels of bacteria on the surface
and no pathogenic bacteria, it must be accepted that con-
tamination during the slaughter process is unavoidable
(McEvoy, 2002). Therefore, effective anti-microbial inter-
ventions aimed at reducing pathogens on the surface of car-
casses during the slaughter process would be desirable.
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The majority of research to date, examining the effects
of various intervention technologies, has focused on the
use of organic acids, particularly lactic and acetic acid,
hot water washing and steam pasteurisation (Huffman,
2002). Data from the literature reports that the application
of various concentrations of lactic and acetic acid sprays
can result in reductions in Salmonella ranging from 0.4 to
3.0 log10 cfu cm�2 (Cutter & Rivera-Betancourt, 2000;
Dickson, 1992; Dickson & Kunduru, 1995; Greer & Dilts,
1992) and E. coli O157:H7 from 0.3 to 2.6 log10 cfu cm�2

(Brackett, Hao, & Doyle, 1994; Cutter & Siragusa, 1994;
Gill & Badoni, 2004; Podolak, Zayas, Kastner, & Fung,
1995). It is also reported that hot water washing and steam
pasteurisation can result in reductions in both Salmonella
and E. coli O157:H7 ranging from 0.5 to 3.8 log10 cfu cm�2

(Castillo, Lucia, Goodson, Savell, & Acuff, 1998; Phebus
et al., 1997; Retzlaff et al., 2004). Recent studies have
reported greater reductions being achieved by combining
interventions such as hot water and organic acid washing
(Castillo, Lucia, Mercado, & Acuff, 2001).

The application of the novel dairy extract (LactiSAL�)
in the present study resulted in an approximately
5–6 log10 cfu cm�2 reduction in S. Typhimurium and
2–5 log10 cfu cm�2 reduction in E. coli O157:H7 numbers
depending on the meat surface. These reductions are, in
most cases, greater than those obtained by the aforemen-
tioned studies. The dairy extract (LactiSAL�) is novel
and there are very few studies to date that examine the
anti-microbial effects of ‘‘milk dairy extracts’’. One such
anti-microbial reported in the literature is lactoferrin, an
iron-binding glycoprotein found in milk. In a study by
Venkitanarayanan, Zhao, and Doyle (1999) examining
the effect of lactoferricin B on E. coli O157:H7 in ground
beef, a 0.8 logcfu g�1 reduction in the pathogen was
reported. To the author’s knowledge there have been no
published studies on the effect of lactoferrin on beef car-
casses. The results obtained in this study indicate that the
dairy extract (LactiSAL�) is effective against both Salmo-
nella and E. coli O157:H7 virtually on contact. This instan-
taneous effect would be of great benefit from an industry
viewpoint as the extract could be applied at any stage of
the slaughter process, online, without causing delays in
production.

The results of the current study are very promising,
although carried out on a small scale. Further work needs
to be performed in a commercial beef slaughter plant to
ascertain the effects of LactiSAL� on whole carcass sides
using a larger online spraying system, as some studies have
suggested that large-scale automatic spray systems do not
always give a uniform coverage (Gill & Landers, 2003). It
is clear from the results that LactiSAL� has a great poten-
tial to be used as a beef carcass decontaminating agent.
However, as to whether it would be consistently effective
on every carcass side is unclear due to the obvious differ-
ences that carcass surface type and bacterial species has
on the decontaminating effect of LactiSAL�. This will need
to be further elucidated.
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