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Introduction 

Foodborne pathogens such as Salmonella spp are carried asymptomatically in the 
intestines of healthy animals, and are shed into the environment when faeces are 
voided[1]. Animals sent for slaughter may contaminate the lairage holding and 
stunning facility through the shedding of pathogens in the faeces, but also through 
mechanical transfer of organisms carried on the coats[2, 3]. Salmonella spp may 
persist for a number of days in the environment[4], and can be transferred onto the 
coats and skins of animals in subsequent batches handled within the same facility[2, 
3]. Legislation and good manufacturing practice demand that abattoir operators take 
steps to limit contamination, and cleaning regimes have been put into place in both 
the food processing area and in the lairage. These cleaning regimes vary widely, and 
may or may not entail the use of chemical cleaning products[4]. “Normal” cleaning 
programmes in UK lairages have been shown to be ineffective in elimination of 
foodborne pathogens[5], and indeed, an improved cleaning regime implemented in a 
pig lairage in the Netherlands similarly did not remove Salmonella contamination[6]. 
This study was carried out to investigate the prevalence of Salmonella contamination 
in the pre-harvest areas in a variety of commercial abattoirs in the UK. 

Methods 

Origin of Samples 

A total of 432 samples were taken from various sites in red meat abattoir lairages. 
The samples were taken from the holding pens and stunning areas early in the 
morning before animals were delivered and processing began. The lairages had 
undergone routine cleansing operations at the end of the previous day’s processing.  
Within the holding pens, samples were taken from the floors, walls, edges (two-
dimensional corner between floor and wall) and corners (three-dimensional corner 
between the floor and two walls), whilst in the stunning areas, samples were taken 
from the stun box walls, floors and corners (three-dimensional corner between the 
floor and two walls), and from the roll-out ramp in the case of cattle stun boxes or 
sheep restrainer-conveyor systems. 

Five abattoirs participated in the study, and each was visited on two or more 
occasions to collect samples. Plant A was a medium sized sheep and cattle plant, 
processing approximately 700 steers/heifers, 150 bobby calves and 1000 sheep each 
week. In this plant, routine cleaning of the stun boxes and roll-out area involved the 
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use of pressure washing and quaternary ammonium cleaning products, whilst cleaning 
of the holding pens entailed removal of soiled bedding using a pitchfork and scraper, 
followed by the addition of fresh straw bedding. At the end of each week, all bedding 
was removed and the pens steam-cleaned and allowed to dry before fresh bedding was 
laid. Plant B was a small multi-species plant, processing 6 cattle, 10 pigs and 10 sheep 
each week, and all areas were cleaned at the end of the processing day using pressure 
wash with quaternary ammonium cleaning products. Plant C was a medium sized 
multi-species plant processing 1000 pigs, 2000 sheep and 500 bobby calves each 
week. The stun box was cleaned on a daily basis with a pressure washer and a 
hypochlorite solution, whilst the cleaning regime for the holding pens involved 
removal of soiled bedding and brushing out on a daily basis, and the pens were 
pressure washed using a broad-spectrum virucidal disinfectant solution once weekly, 
on a rotational basis. Plant D was a large sheep and cattle plant, processing 1500 
steers/heifers and 5000 sheep each week; and plant E was a medium sized cull 
cow/bull plant, processing 800 cows/bulls each week. Plants D and E were owned by 
the same company and the cleaning regimes were identical. Stun boxes were cleaned 
at the end of each working day using a pressure wash, followed by detergent foam 
clean. This was then rinsed and a terminal quaternary ammonium sanitizer was 
applied. The holding pens were pressure washed after each batch of animals, but no 
chemicals were used. 

The stunning facilities used for cattle in all abattoirs A, B, D and E comprised a 
race leading to an individual stunning box, from which the animal, once stunned, 
would roll out to be shackled and hoisted. In abattoir D, sheep were processed using a 
restrainer-conveyor system, with the stunned sheep rolling onto a bleeding table, 
whilst in abattoirs A, B and C, all the small species (sheep, pigs and calves) were 
processed through a group stunning pen, where the stunned animal would fall to the 
floor of the group pen and be shackled and hoisted there. 

Collection of Samples 

Samples were collected using gauze swabs (Readiwipes Super, Robinson 
Healthcare 5345) pre-soaked in 100 ml Buffered Peptone Water (BPW, Oxoid 
CM0509). Excess BPW was squeezed from the swab into the transport container, and 
the swab was rubbed vigorously over a measured area 50 cm by 50 cm before being 
returned to the transport container. These were then stored on ice and returned to the 
laboratory within 2 hours of collection. 

Sample Processing 

On return to the laboratory, the transport containers containing the swab and BPW 
were vigorously shaken, and 10 ml decanted into a universal container (UNI1). The 
original samples were then refrigerated at 4°C. From UNI1, a decimal dilution series 
was made in BPW, and this was incubated for 24 hours at 37°C. After this enrichment 
phase, 0.1 ml was taken from UNI1 and from the refrigerated original sample, and 
was inoculated into DIASALM selective enrichment medium (Merck 1.09803), and 
this was incubated at 41.5°C for 24 hours. The original sample and the dilution series 
were stored under refrigeration at 4°C. On the third day, a 10 μl loopful was taken 
from each of the DIASALM plates and streaked onto Rambach Chromogenic Agar 
(Merck 1.07500) for the identification of salmonella spp. and incubated at 37°C for 
24 hours. 
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Where cultures showed a presumptive identification of Salmonella spp on 
Rambach Agar (cerise coloured colonies), the associated dilution series was removed 
from refrigeration and 0.1 ml from each dilution enriched and plated using 
DIASALM and Rambach Agar as outlined above. An estimation of the numbers of 
Salmonella organisms in the original sample could then be made, based on the lowest 
dilution at which Salmonella spp were identified on Rambach Agar (table 1). 

Presumptive Salmonella isolates were confirmed using Api20e strips (Biomerieux 
20100). 

Results 

Overall, 33 of the 432 (7.6%) samples taken were positive for Salmonella spp, and 
the numbers present ranged from below 10 to below 10,000 (table 2). No Salmonellae 
were found on the stun box walls or the roll-out ramps. High estimated numbers of 
organisms were not associated with any one particular sampling site, but positive 
samples originated from sites where the swab collected visual contamination, or 
where the integrity of the surface sampled had been broken due to corrosion of metal 
or shattering of concrete. These areas are those where cleaning had been insufficient 
to remove contamination, either due to lack of cleansing in pens where physical 
removal of bedding was the cleaning method employed, or due to the damage in the 
corners and edges of the lairage and pre-slaughter areas allowing contamination to 
collect and be by-passed by the cleansing process.  

In the holding areas, it would be expected that abattoirs A and C, where physical 
removal of bedding was the main cleaning method, would have a greater incidence of 
Salmonella contamination than in abattoirs B, D and E. Abattoirs B and E yielded no 
Salmonella positive samples in the holding pens, suggesting that the cleaning regime 
in these lairages was sufficient to remove contamination, but in abattoir D, where the 
cleaning regime was identical to that of abattoir E, the incidence of Salmonella 
contamination in the holding pens (10.2%) was similar to that in abattoirs A and C 
(9.3% and 10.1% respectively) (table 3). Overall incidence of Salmonella 
contamination in the holding areas was 10%, the walls being the least often 
contaminated. Within individual abattoirs, the contamination of a particular sample 
site may be as much as 30.8% (holding pen corners, abattoir D). The difficulty of 
cleaning a corner may contribute to this high result, but also, at this particular abattoir, 
the drainage for the pens was situated in the pen corners, and it is possible that 
contamination gathers around the drains. 

14% of samples taken from cattle stun boxes were positive for Salmonella spp, 
and the corners were more likely (20%) to harbour contamination than the floors 
(10%) and walls (0). Contamination in the cattle stun box in abattoir A was high 
(40%), but this facility in particular showed heavy corrosion in the corners and wear 
to the floor, making it difficult to clean thoroughly. The incidence of Salmonella spp 
in the stunning pens for small species was lower (4.9%) than that for cattle (14%), 
which was not expected, as pigs and calves would be expected to carry greater risk of 
excreting Salmonella spp than cattle. However, the number of samples taken in these 
areas is relatively low, and this may be an artefact of sample size, rather than an 
indication that cleaning was more effective in small species stunning facilities that in 
those for cattle. 
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Conclusions 

The cleaning regimes in use in lairages at UK red meat abattoirs are often 
insufficient to remove Salmonella contamination from the holding pens and stun 
boxes. As a result, there is the risk of Salmonella spp persisting in the environment 
and potentially contaminating animals and carcasses processed on subsequent days. 
Abattoir managers should take care to ensure that the state of repair of the facility is 
such that cleaning can be carried out effectively, and put into place a system of 
monitoring of the effectiveness of cleaning in removing pockets of contamination.  
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Tables and Figures 

Table 1: Estimation of numbers of Salmonella organisms in original sample 

Lowest dilution giving positive 
result 

 

Interpretation 

Neat 1-10 organisms in the sampled surface area 

-1 10-100 organisms in the sampled surface area 

-2 100-1,000 organisms in the sampled surface area 

-3 1,000-10,000 organisms in the sampled surface 
area 

-4 10,000-100,000 organisms in the sampled surface 
area 

 
 



 
 Abattoir A Abattoir B Abattoir C Abattoir D Abattoir E Total 
Sample 
Site 

Samples 
taken 

Samples 
Positive 

Samples 
taken 

Samples 
Positive 

Samples 
taken 

Samples 
Positive 

Samples 
taken 

Samples 
Positive 

Samples 
taken 

Samples 
Positive 

Samples 
taken 

Samples 
Positive 

Holding 
pen 
wall 

20 0 5 0 25 0 
 

15 1 (1-10)   65 1 (1-10) 

Holding 
pen 
floor 

20 3 (10-
100) 

5 0 25 3 (10-
100) 
2 (1-10) 

15 0   65 6 (10-
100) 
2 (1-10) 

Holding 
pen 
corner 

12 1 (10-
100) 
1(102-
103) 

  23 0 13 4 (1-10) 6 0 54 4 (1-10) 
1 (10-
100) 
1(102-
103) 

Holding 
pen 
edge 

12 0   26 5 (1-10) 
1(103-
104) 

13 1 (1-10)  
1 (10-
100) 
1(102-
103) 
 

4 0 55 6 (1-10) 
1 (10-
100) 
1(102-
103) 
1(103-
104) 

Stun 
box 
wall 

6 beef 
5 sheep 

0 
0 

12 beef 
11 
smalls 

0 
0 

6 smalls 0 6 beef 
6 sheep 

0 
0 

9  0 33 beef 
17 
smalls 
11 sheep 

0 

Stun 
box 
floor 

6 beef 
6 sheep 

2 (10-
100) 
1 (1-10) 

12 beef 
11 
smalls 

0 
0 

9 smalls 0 6 beef 0 6  1(102-
103) 

30 beef 
20 
smalls 
6 sheep 

1 (1-10) 
2 (10-
100) 
1(102-
103)  

Stun 
box 
corner 

4 beef 
 
4 sheep 

1 (1-10) 
1 (10-
100) 
0 

6 beef 
6 smalls 

0 
0 

5 smalls 1(102-
103) 

4 beef 1(102-
103) 

6  1 (10-
100) 

20 beef 
11 
smalls 
4 sheep 

1(1-10) 
2 (10-
100) 
1(102-
103) 
1(102-
103) 

Roll-
out 
ramp 

12 beef 0 11 beef 0   8 beef 
2 sheep 

0 
0 

6  0 39 beef 
2 sheep 

0 

Totals 
432 33 
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 Table 3. Percentage of samples containing Salmonella spp by sampling site 
 

Sample Site Abattoir 
A 

Abattoir 
B 

Abattoir 
C 

Abattoir 
D 

Abattoir 
E 

Total Overall 

Holding pen wall  
0 
 

 
0 

 
0 

 
6.7% 

 
0 

 
1.5% 

Holding pen 
floor 

 
15% 

 

 
0 

 
20% 

 
0 

 
0 

 
12.3% 

Holding pen 
corner 

 
16.7% 

 
0 

 
0 

 
30.8% 

 
0 

 
11.1% 

Holding pen edge  
0 

 
0 

 
23.1% 

 

 
23.1% 

 
0 

 
16.4% 

 
 
 
 
 

10.0% 
 

Total Holding 
Pens 

 
7.8% 

 
0 

 
11.1% 

 
14.3% 

 
0 

 

Cattle 

Stun box floor 
 

 
33.3% 

 
0 

 
0 

 
0 

 
16.7% 

 
10% 

Stun box corner  
50% 

 
0 

 
0 

 

 
25% 

 

 
16.7% 

 
20% 

 
 

14% 
 

Total Stun Box 
 

 
40% 

 
0 

 
0 

 
10% 

 
16.7% 

 

 
Small Species (Pigs, Sheep, Calves) 
Stun box floor  

16.7% 
 

0 
 

0 
 

 
0 

 
0 

 
3.8% 

 
Stun box corner  

0 
 

0 
 

20% 
 

0 
 

0 
 

 
6.7% 

 
 

4.9% 
 

Total Stun Box 
 

 
10% 

 
0 

 
7.1% 

 
0 

 
0 

 

 
Overall Lairage 
Incidence 

 
9.3% 

 
0 

 
10.1% 

 
10.2% 

 
5.4% 

  
7.6% 
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