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Introduction 

All over the world Listeria contamination is a potential hazard in fermented, dry 
sausages produced without heat treatment. As heat treatment alters the meat structure 
such a product is not perceived as a traditional fermented, dry sausage by consumers. 
Normally, if present, the level of Listeria in fermented, dry sausages is relatively low 
and should not cause health problems when fermented sausages are consumed. 
Nevertheless, regulation in food requirements, as safety criteria, calls for absence of 
Listeria monocytogenes in 25 g food, and consequently, efforts are accomplished to 
prevent Listeria being present in traditionally produced fermented sausages. 
Commercial bacteriocin producing lactic acid bacteria (LAB) have successfully been 
tested on applied L. monocytogenes in fermented sausages (Andersen, 1999) but few 
data on effect on indigenous Listeria with such LAB strains are available (Hugas et al, 
2003). 

Some of the characteristics of Italian salami are high final pH, moulded surface, 
and pronounced meaty flavour. It is well-known that staphylococci enhance the 
development of meaty flavour but also that they are inhibited by lowering in pH 
(Tjener, 2003). Therefore, an adequate anti- listerial LAB starter culture should not 
lower pH so much that it influences the development of required flavour compounds 
and the sensory assessment. 

Objectives 

The aim of this work was, in commercially manufactured sausages, to test the 
inhibition of indigenous Listeria by a class II bacteriocin producing Lactobacillus 
plantarum BG-112 (called Code 2) in parallel with a non-bacteriocin producing 
culture blend consisting of Lactobacillus sakei Ls and Pediococcus pentosaceus Pp 
MIX (called Code 3). Both cultures were applied with Staphylococcus xylosus (called 
SX) as well. Additionally, a control product without bacteria cultures applied was 
followed (called Code 1). The growth of staphylococci, LAB, pH, weight loss, and the 
presence of indigenous Listeria were monitored. 



 

 1252 

Methodology 

As the experiment was conducted at a commercial manufacture all details in 
composition of the ingredients used were not revealed. Neither were the details in the 
production procedure. The sausages were produced with the normal recipe and 
processing procedure used for production of big calibre Milano type salami. 

Recipe 

Meat: Pork meat with approximately 30% back fat added. The meat and fat were 
grinded. Ingredients: Commercial ble nd of sugar (approximately 0.5%), species, 
curing salt and salt was applied just after grinding. During mixing the culture solution 
was applied to the meat. 

Casing: Approximately 110 mm collagen casing. 

Processing 

Sausage mince was produced and cold stored at 4°C for two days. 
1. Mince was stuffed (just about 2 kg/sausage) and cold stored at 4°C for five 

days. 
  Day 0 in the registered data. 
2. On day 4 the sausages were sprayed with a mould solution (Penicillium 
  nalgiovense). The sausages were hereafter stored in climate chamber at 24°C and 
  55-65% r.h. 
3. The following six days the temperature was lowered with 2°C per day. 
4. On day 13 the temperature was 10°C and min. 85% r.h. The drying process was 
  continued until a weight loss of roughly 26% was obtained. 
5. On day 69 the test was terminated. 

Sausage codes 

Code 1: Control without culture applied 
Code 2: Added 2.5x106 CFU BG-112/g meat and 5x106 CFU SX/g meat 
Code 3: Added 2.5x106 CFU Ls/g meat, 2.5x106 CFU Pp/g meat, and 5x106 CFU 

SX/g meat. 

Bacteriological investigation 

Staphylococci were detected by surface plating on S-110 (Oxoid), aerobically 
incubated for two days at 30°C. LAB were detected on MRS -5.4 (Oxoid adjusted to 
pH 5.4), anaerobically incubated for three days at 30°C. All analyses were performed 
on a sample size of approximately 35 g finely chopped sausage. 

Identification of Listeria in sausage samples 

The presence of Listeria was determined as follows: 25 g of sausage were added 
225 g Listeria Enrichment Medium, homogenized and incubated over night at 37°C. 
DNA was extracted from the enrichment broth as described by Matarante (Matarante 
et al. 2004). PCR for the identification of Listeria species was carried out as described 
by Bubert (Bubert et al. 2003). The expected size of amplicons were 457 bp for L. 
monocytogenes, 472 bp for Listeria innocua, and 600-610 bp for Listeria seeligeri, 
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Listeria welshimeri, and Listeria ivanovii. The analyses were performed in duplicate 
per code at the samplings days mentioned below. 

Analytical programme 

On the day of manufa cturing a meat mince sample from each code were 
bacteriological analysed detecting LAB and staphylococci. pH was registered 
continuously (Cinac apparatus) for 5 days in about 400 g meat mince in a container 
with lid placed in water bath at 25°C. During ind ustrial production of the sausages 
samp ling was performed as follows: Two randomly picked sausages of each code (A 
and B) were collected at the manufacture for external bacteriological survey on day 0, 
4, 5, 6, 7, 8, 11, 12, 20, 27, 41, 55 and 69. They were analysed monitoring LAB & 
staphylococci, and pH (Knick instrument) was measured. Furthermore, the same two 
sausages were weighed at the manufacture on analytical days to follow the weight 
loss. 1/3 of each sausage was stored frozen at -18°C for later determination by PCR of 
indigenous Listeria contamination. 

Results & Discussion 

Continuous pH measurement is a good tool to investigate lag phase and 
acidification profile and to compare the performance relatively between starter 
cultures. Nevertheless, it is a model system with e.g. optimal heat transfer at a 
favourable temperature for the cultures and no water loss. Consequently, it will not 
reflect what will happen in the sausages during maturation. In Figure 1 the continuous 
pH measurements are illustrated.  

The lag phase of the two starter cultures was similar. After 40 hours BG-112 
acidified slightly faster than MIX and after approximately 90 hours the acidification 
was finalised for both cultures. The difference in acidification profiles was not 
important for technological purposes. Indigenous LAB from the raw meat, did 
probably not contribute considerably to the acidification in Code 2 and 3, given that 
Code 1 showed a longer lag phase and slower acidification profile (Figure 1 and 2). 

The pH kinetics (average of sample A and B) during sausage fermentation is 
illustrated in Figure 2. 

The slight initial pH increase was probably due to the storage at low temperature, 
and consequently, neither indigenous nor culture LAB initiated acidification. On day 
6 to 7 the decrease in pH was initiated. The acidification in Codes 2 and 3, with starter 
cultures applied, was more pronounced than in the control (Code 1). BG-112 and 
MIX showed rather similar acidification kinetics and approximately at day 11 pH 5.3 
were reached. As a guideline pH 5.3 can be considered as safe for initiating the drying 
but also approximately the pH at which staphylococci are inhibited. After day 27 
pronounced raise in pH was observed and continued to more or less the same extend 
until the trial was terminated. This change in acidification kinetics could be connected 
to the processing temperature that was lowered and kept at 10°C from day 13. On day 
30 for Code 3 and day 37 for Code 2 pH was again above 5.3. The control followed 
the same pattern only more slowly and to lesser extend. 

The growth dynamics of LAB (average of sample A and B) during sausage 
processing is illustrated in Figure 3. 

LAB initiated growth after five days, when temperature was raised, and the 
numeral increase was closely related to the acidification process. In Code 1, control, 
the initial LAB level was close to 104 CFU/g. Approximately at day 11 the level of 
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LAB was 108 CFU/g in all codes with the count of LAB remaining at a high level 
throughout the processing in all three codes. 

Growth dynamics of staphylococc i (average of sample A and B) during 
processing is illustrated in Figure 4. 

The growth of staphylococci was enhanced by the initial raise in temperature and 
then retarded by the acidification. They probably adapted to the pH being 
approximately 5.1 and re-started further growth supported by the raise in pH later. 
Consequently, the staphylococci were able to continue the production of functional 
enzymes anticipated to benefit colour stability (catalase) and flavour formation. 

Weight loss (average of weighing of two sausages) during the processing is 
illustrated in Figure 5. 

The weight loss followed the pH decline in the sausages with BG-112 having a 
slightly faster weight loss than MIX which again was faster than the control code. 
Due to the big calibre and recipe the sausages were still rather soft with only 
approximately 26% of weight loss when the test was terminated. 

The presence of indigenous Listeria in the sausages was analysed using PCR 
primers and condition which were able to distinguish among different Listeria 
species. The discoveries are reported in Figure 6, 7 and 8. 

In all three codes Listeria was detected in 25 g sausage during the first weeks of 
fermentation. In Code 1, control, Listeria appeared on day 6 and was present all 
through the processing. L. monocytogenes was also detected at the end of the sausage 
production. 

In Code 2 Listeria also appeared on day 6 but disappeared on day 12 and did not 
reappear. L. monocytogenes was detected only in one sample after 7 days of 
fermentation. 

In Code 3 Listeria also appeared on day 6 and was detected throughout the 
ripening period. A faint band of L. innocua was as well detected at the end of the 
processing. 

Conclusions 

The development of pH had influence on the growth of staphylococci, and 
consequently, the initial decrease in pH, requested for safety purposes as well as 
initiation of the drying process, had negatively impact of the development. Thereafter, 
an increase in pH, probably related to the processing, re-activated the staphylococci 
which should augment the production of essential enzymes. Applying bacteriocin 
producing LAB was demonstrated to be an additional safety hurdle as the presence of 
indigenous Listeria was diminished. Listeria appeared early in the processing in all 
three codes but was later suppressed and not detected by PCR after day 12 in the 
product applied L. plantarum BG-112 producing a class II anti-listerial bacteriocin. 
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