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Abstract 

 
Listeria monocytogenes can cause food borne Listeriosis, which is considered a serious public 

health risk. This pathogen has the ability to form biofilms on food-processing surfaces, 

potentially leading to food product contamination. The objective of this study was to assess 

the occurrence of Listeria spp. and Listeria monocytogenes in ham food processing plants 

during different production phases. Both environmental sites as food-contact surfaces were 

considered. Furthermore, the ability of the obtained L. monocytogenes strains to form biofilms 

under different circumstances, was examined.  

Within a period of two months, a total of 101 samples were obtained from three different ham 

processing plants. Several food-contact surfaces were sampled; 49 times during the operative 

phase and 22 times during the pre-operative phase of production. Eight products were 

swabbed before the washing step and an equal number was sampled after the washing step. 

Furthermore, 8 samples were taken by cutting off at least 25 grams of meat near the bone. 

Environmental sites, like floor drains and walls, were also swabbed during various phases of 

production.   

The prevalence of Listeria spp. was 51% and 13%, during the operative and pre-operative 

phase respectively. Also washed and un-washed hams tested positive. L. monocytogenes was 

found in 3 operative phase samples; once in the environment (floor drain) and twice on food-

contact surfaces (peeling machines).  

The 3 L. monocytogenes were grown as monocultures and binary cultures on polystyrene 

microtiter plates. As secondary cultures, a Listeria spp. strain and a Gram positive, clustered 

Coccus strain, both growing in Half Fraser Broth and on ALOA plates, were used. All plates 

were made in duplicate and incubated at temperatures of 25°C and 37°C for 40 hours. Cell 

turbidity was measured at different time intervals to examine differences in growth rate. 

Biofilm formation capacity was indirectly quantified by staining with 1% crystal violet, and 

measuring the destaining solution absorbance. 

  

No correlation between cellular growth rate and biofilm formation was found. Both 

monocultures and binary cultures showed significantly higher biofilm formation capacity at a 

temperature of 25°. This is probably due to phenotypic modifications, which are influenced 

by temperature. Binary cultures consisting of L. monocytogenes and a Coccus strain did not 

enter a stationary phase of growth after 20 hours of incubation at 37°C. This suggests that the 

growth L. monocytogenes can be influenced by other non-Listeria strains. 

  

These results indicate that Listeria spp. and L. monocytogenes occur in ham processing plants 

and able to form biofilms. The biofilm formation capacity is influenced by culture 

composition and temperature. However, there is little evidence that these biofilms are 

persistent. This might be due to effective sanitation standard operating procedures. To 

increase the validity of these results, more plants should be sampled. For founded statements 

about a health risk regarding the obtained L. monocytogenes strains, the presence of virulence 

factors should be examined by multiplex PCR.   
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Introduction 

 
Listeriosis: a food borne disease 

Nowadays it is well known that food can contain pathogenic micro-organisms. The incidence 

of food borne diseases is still rising worldwide. One of these emerging food related pathogens 

is Listeria monocytogenes.  

L. monocytogenes is a motile, facultative anaerobic, non-spore-forming, gram-positive rod 

that is ubiquitously present in the environment. This bacterium is able to grow at temperatures 

between 0 and 45ºC, with an optimum of 35 to 37ºC. Most Listeria strains are able to multiply 

within an exceptionally wide pH-range of 4,8 to 9,6. A minimum water activity (aw) of 0,92 is 

needed to permit growth (Farber et al., 1991; Sutherland et al., 1997; The International 

Commission on Microbiological Specifications for Foods, 1996). Furthermore, L. 

monocytogenes tests positive on catalase, negative on oxidase and shows evidence of 

hemolytic activity on blood agar (Calderone, 2008).  

Processes like heating, drying, freezing and defrosting are not sufficient to eliminate this 

potentially pathogenic micro-organism. Listeria spp. does not survive pasteurization (15 

seconds at 72ºC), but can create problems in milk and milk products. This indicates 

contamination after pasteurization, followed by replication at refrigeration temperatures. In 

addition, L. monocytogenes has been isolated from most foods of animal origin and salads 

(Calderone, 2008). 

 

Listeriosis is a familiar disease in sheep and cattle, often associated with ensilage of bad 

quality, most commonly causing encephalitis with brainstem and cranial nerve dysfunction or 

abortion in the last third of pregnancy. In humans however, the consumption of contaminated 

food as the main transmission route of Listeriosis has only been identified recently
1
. Although 

food borne Listeriosis in humans is a relatively rare disease, the consequences of an infection 

can be very serious.  

The clinical picture of Listeriosis can be divided into two categories, caused by different types 

of Listeria strains: the invasive and non-invasive form. The first form is most frequently seen 

during outbreaks. They are characterized by flu-like symptoms and cases of meningitis, 

septicemia and abortion. The case-fatality rate can reach 20 to 30% (Carpentier et al., 2004). 

The symptoms are caused by a primary infection of the intestinal tissue by L. monocytogenes, 

from which other parts of the body are invaded. Especially pregnant women, neonates and 

immunocompromised persons are at risk.  

More recently, non-invasive strains of L. monocytogenes have caused outbreaks. In contrast to 

the invasive form, persons suffer from fever and gastroenteritis. This increases the public 

health importance of this food borne disease, since persons without any predisposing 

conditions may be affected too (Franciosa et al., 2000).   

 

 

                                                           
1
 http://www.who.int/mediacentre/factsheets/fs124/en/ 

http://www.who.int/mediacentre/factsheets/fs124/en/
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Listeria monocytogenes and ready to eat food products 

Food products related with outbreaks of Listeriosis are, amongst others: pork tongue
2
 (France, 

2000), roasted turkey meat
3
 (USA, 2002) and smoked meat

4
 (Canada, 2008). In the last two 

cases mentioned, the food processing plants which produced these products were confirmed 

to be the common source of infection.  

In this study, the occurrence of Listeria spp. and Listeria monocytogenes in ham processing 

plants, is considered. This ham is made from pork meat and processed into a stabile „Ready-

to-eat‟ product (RTE product). To guarantee consistent use among different organizations, 

such as the Food Safety Inspection Service (FSIS) and the Food and Drug Administration 

(FDA), RTE food is defined as follows
5
: “Ready-to-eat food means food that is in a form that 

is edible without washing, cooking, or additional preparation by the food establishment or the 

consumer and that is reasonably expected to be consumed in that form.”  

The RTE food product process contains one or more steps which bacteria cannot survive, so 

that these products are in fact ready to eat like the definition implies. There is little difference 

regarding to the ham processing plants visited during this study. The primary product (i.e. 

fresh pork meat) normally shows some superficial microbiological contamination. Internal 

contamination is a negligible factor if the meat originates from healthy animals (Calderone, 

2008).  

In this case, the process consists of two main phases: a cold phase (brining and reposing) and 

a phase at ambient temperature (drying, maturing and cellar stay). During the first phase, it is 

mainly the brining step that inhibits microbial growth by reducing the level of water activity 

(aw). To achieve this, two types of salt are added: dry salt on the muscular surface and moist 

salt on the pork-rind. The total amount of salt added, equals at least 4% of the weight of the 

ham. The dry salt withdraws water from the ham, creating an osmotic flow towards the ham 

surface; in opposite direction of any microbiological infiltration. By removing the blood from 

the ham, a further reduction of the water activity level is accomplished. While brining the 

hams, a temperature between 0 and 5°C and a relative humidity (RH) higher than 60% are 

maintained. Afterwards, during the repose, the temperature remains nearly the same but the 

RH varies between 50 and 80%. To reach a water activity level below 0,97 inside the ham, a 

total repose period of at least 80 days is required. This aw reduction guarantees a stable 

product before entering second phase at ambient temperature. The duration of the second 

phase varies and temperatures are kept between 15 and 23°C. A low relative humidity is 

realized to prevent the growth of moulds. 

When the maturing period is completed, the product is ready to be further processed. Up until 

packing the product and preserving it in protective atmospheric conditions, the temperature 

does not exceed 10°C (Calderone, 2008).  

 

                                                           
2
 http://www.who.int/csr/don/2000_02_29/en/ 

3
 http://www.fsis.usda.gov/oa/recalls/prelease/pr090-2002products.htm 

4
 http://www.inspection.gc.ca/english/corpaffr/recarapp/2008/ 20080819e.shtml 

5
 http://www.fsis.usda.gov/OPPDE/ Comments/00-04N/00-048N-11.pdf 
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Because there is no further anti-bacterial treatment after the cold phase, post-lethal 

contamination of the food product in subsequent phases can pose a threat for the consumer. 

As mentioned before, food processing plants have been identified as the common source of 

past outbreaks. To determine possible contamination site, many studies have been done. 

Beresford et al. (2001) for example, investigated the extent in which L. monocytogenes 

attached to 17 different materials, approved for use in food-contact environments. Out of a 

wide range of materials, most L. monocytogenes cells adhered to stainless steel. With this 

knowledge, it is not surprising that L. monocytogenes can be found on numerous tools and 

machines in food processing plants, such as dicing machines, conveyor belts and peeling 

machines (Lundén, 2004). Besides these food-contact surfaces, strains of L. monocytogenes 

have also been isolated from different sites in the food processing plant environment: floor 

drains, walls and cooling pipes (Djordjevic et al., 2002).  

In this study, three different ham food processing plants producing „Prosciutto di Parma‟, 

were visited. The greater part of these hams is exported to other countries, including the 

United States of America. In June 2002, a number of ham samples collected during regular 

screening by the FSIS, tested positive on L. monocytogenes. After this, changes were applied 

to the screening method and as a result L. monocytogenes was detected more often. 

Consequently, the United States Department of Agriculture (USDA) introduced a zero 

tolerance-policy with relation to L. monocytogenes in RTE products. Furthermore, sanitation 

and disinfection procedures were adjusted in accordance with the Codes of Federal 

Regulation (Title 9 CFR 430
6
 and Title 9 CFR 416

7
) and the Directive FSIS 10, 240.4

8
. The 

samples taken during this study give a possible indication of the effectiveness of these terms.   

 

Listeria monocytogenes: biofilm formation and virulence factors 

If cleaning and disinfection procedures are not adequate, L. monocytogenes persists posing a 

health risk. Biofilm formation plays a major role in this process. A biofilm is defined as 

“matrix-enclosed bacterial populations adhered to a surface or to each other” (Carpentier et 

al., 1993). This matrix consists of an extensive network of highly hydrated 

exopolysaccharides (EPS). The EPS enables uptake of nutrients and increases the resistance 

to antimicrobial agents and environmental stress. In this way, a microenvironment can be 

developed which allows bacteria to survive under suboptimal conditions.  

As indicated before, also L. monocytogenes in biofilms shows more resistance to commonly 

used sanitizers than planktonic cells do (Wong, 1998). Whether binary cultures of L. 

monocytogenes and non-Listeria strains found during this research influence biofilm forming 

capacity, will be examined.  

  

 

                                                           
6
 http://www.fsis.usda.gov/PDF/LM_Guidelines_for_SVSP_Ready_to_Eat_Products.pdf 

7
 http://www.fsis.usda.gov/OPPDE/rdad/FRPubs/05-024N.htm 

8
 http://www.fsis.usda.gov/OPPDE/rdad/FSISDirectives/10240.4Rev2.pdf 
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Following this study, the presence of virulence factors in the found L. monocytogenes strains 

will be considered.  

Since L. monocytogenes is widely distributed in the environment and present in the food 

industry, exposure rates are high. Nevertheless, the prevalence of human Listeriosis is low. 

Difference in virulence properties may contribute to this (Djordjevic et al., 2002).  

 

When a target cell is invaded by L. monocytogenes it enters a vacuole, either actively or 

passively (Dussurget et al., 2004; Dongyou et al., 2007). Afterwards, Listeria lyses the 

vacuole and moves to the cytoplasm for replication. To invade other cells, the bacterium 

propels itself through the cytosol and forms a double membrane protrusion into an adjacent 

cell; the so called secondary vacuole. Lyses of this vacuole allows a new intracellular 

infection to take place (Figure 1).  

 

 

 

FIG. 1. Electronic micrographs illustrating the infection cycle of Listeria monocytogenes.  

1. target cell entry, 2. lysis of the vacuole, 3. intracellular replication, 4. intercellular movement, 5-6. 

double membrane protrusion into an adjacent cell, 7. formation, and 8. lysis of secondary vacuole. 

Adapted from Dussurget et al., 2004. 
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The factors which are involved in these steps, give an indication of the pathogenicity of 

different L. monocytogenes strains. They are clustered on a part of the chromosomal DNA of 

Listeria spp. known as the Listeria pathogenicity island 1 (LIPI-1) (Kaur et al., 2007). 

Following this research, four of these six genes will be tested by multiplex PCR. Amongst 

them is the hlyA gene, which encodes a haemolysin named listeriolysin-O (LLO). Together 

with transcription product of the plcA gene, phospatidylinositol phospolipase C, L. 

monocytogenes is able to escape from the membrane vacuoles in the target cell and move to 

the cell cytoplasm for bacterial replication (Dongyou et al., 2007). The motility that is needed 

in the cytosol is actin-based and encoded by the actA gene. There is evidence that the primary 

entry of L. monocytogenes into target cells is also influenced by this gene. The prfA gene is a 

regulatory gene, required for the expression of the other genes described above (Dussurget et 

al., 2004).  

The presence of these factors in the L. monocytogenes strains found during this study will be 

examined. A comparison with strains found during previous outbreaks can be made to 

determine the pathogenicity of these strains.   
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Materials and methods 

 
Collection of strains 

Three different ham processing plants were sampled 4 to 6 times during the pre-operative 

and operative production phase. A total number of 101 samples was obtained, which 

includes samples of products, various machinery and environmental sites (Table 1). On 

every surface, a minimum of 10 cm
2
 was swabbed with sterile gauze watered in 5 ml of 

phosphate buffered saline (PBS). The same surface was swabbed again with a dry sterile 

gauze. Both gauzes were contained in a labeled, sterile stomacher bag under refrigeration 

temperature until further processing.  

 

TABLE 1. Sampling sites 

a
 25 gram of ham pulp was obtained from bones, just after the deboning step. 

b
 washed and unwashed hams were sampled, near the fatty tissue. 

 

Type of sample Sampling site 

Food contact surfaces Conveyor belt 

 Deboning machine 

 Fraying machine 

 Frigopress 

 Knife 

 Moulding machine 

 Peeling machine 

 Press 

 Sewing machine 

 Workbench 

Processing environment Drain 

 Ham washer 

 Gutter 

 Wall 

Product Pulp
a 

 Ham surface
b 
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Water activity (aw) 

At least 25 gram of ham pulp was cut off from freshly obtained bones after the deboning 

step. The samples were contained at refrigeration temperature in sterile plastic cups until the 

water activity could be measured. The meat pulp was processed in a stomacher bag for 

further analysis, as described below.   

 

Culture preparation 

To each stomacher bag a volume of half Fraser broth (HFB) was added according to the 

following formula: X g or X ml of sample + 9X of HFB. These bags were put into the 

stomacher for 3 minutes. Afterwards, every stomacher bag was closed and incubated for 24 

hours at a temperature of 37°C.   

 

Screening of Listeria spp. and Listeria monocytogenes  

With single-use plastic loops, 0.1 ml of each culture was spread on plates containing ALOA 

medium. These plates were incubated at 37°C for 24 hours. When typical colonies are seen 

(Figure 5, Attachment), the presence of Listeria spp. and/or L. monocytogenes can be 

presumed
9
. 

 

Preparation of working cultures  

For further analysis, 5 single colonies were taken from each ALOA plate presumably 

containing Listeria spp. (including suspected L. monocytogenes colonies). These were 

spread individually with a metal loop on Tryptone Soya Agar medium containing yeast-

extract (TSAY). The TSAY plates were incubated for 24 hours at 37°C.  

 

Additional tests to confirm Listeria spp. 

1. Non biochemical tests 

 

1.1. Gram staining 

This stain was used to distinguish Gram-positive and Gram-negative bacteria 

from each other. The process involves differential staining with a crystal violet-

iodine complex and a fuchsine counter stain. The cell walls of Gram-positive 

bacteria  retain this complex after treatment with alcohol, whereas Gram-

negative bacteria decolorize. Under a conventional light microscope (oil-

immersion objective) the organisms will appear either purple or pink. In addition 

to the colour, the shape of the bacteria can be identified. Listeria spp. appear as 

Gram-positive rods (Coico, 2003). 

  

                                                           
9
 http://www.aloa-listeria.com/pages/AloaOneDay.html 
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1.2. Motility test 

Listeria spp. are motile at room temperatures. This can be seen with light 

microscopy using a partially concave microscope slide. A drop of autoclaved 

double distilled water was placed on a cover-glass and mixed with a colony from 

the TSAY plate. The cover-glass was then turned upside down and placed over 

the concave part of the microscope slide. Movement of bacteria can be seen 

through a light microscope. Listeria spp. show a tumbling motility.      

 

2. Biochemical tests 

 

2.1. Catalase test 

this enzyme catalyzes the decomposition of hydrogen peroxide to water and 

oxygen. It is present in all Listeria species. A drop of hydrogen peroxide on 

refrigeration temperature was placed on an object glass and mixed with a colony 

from the TSAY plate. To avoid a false positive outcome, a plastic loop was 

used. If bubbles form, the microorganism is considered to be catalase-positive 

(Chelikani et al., 2004).   

 

2.2. Hydrolysis of esculin 

The enzyme β-D-glucosidase is found in all Listeria species. In this study, 

Oxford agar was used to detect the cleavage of esculin by this enzyme. If 

hydrolysis takes place, greyish-green colonies are formed, surrounded by brown-

black halos (Figure 6, Attachment)
10

.  
 

 

Additional tests to confirm Listeria monocytogenes 

 

1. Fermentation of rhamnose 

This test was executed using tubes filled with 6 ml of purple broth (PB) containing 

rhamnose (1%). All TSAY colonies were touched individually with a sterile needle 

and inoculated into the tubes by a single stab in the centre. The first series was 

incubated for 24 hours at a temperature of 25°C. A duplicate series was incubated 

for 24 hours at 37°C. L. monocytogenes has the capacity of fermenting rhamnose, 

changing the initial purple colour of the agar into yellow. In addition, Listeria spp. 

are motile at 25°C showing growth diffusing from the centre stab (Figure 7, 

Attachment). 

 

2. Polymerase Chain Reaction (PCR) 

The detection of the prfALm gene, extremely specific for pathogenic L. 

monocytogenes, was used to confirm the presence of this bacterium in suspected 

samples (Wernars et al., 1992). It consists of three main steps.  

 

 

                                                           
10

 http://www.biosynth.com/index.asp?topic_id=178&g=19&m=256 
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 2.1. Extraction of bacterial DNA 

Each colony was taken from the TSAY plate with a plastic loop and dissolved in 

300 µl of Chelex 100 (6%) in an eppendorf cup. The cups were kept under a 

temperature of 56°C for 20 minutes, followed by 8 minutes at 100°C. After that, 

the samples were cooled down immediately by putting them in ice for 3 minutes. 

The solutions were then centrifuged for 5 minutes at 10,000xg. When immediate 

processing was not possible the samples were preserved frozen.  

 

2.2 Preparation of Master mix 

This mix contains all components needed to make new DNA strands in the PCR 

process (Table 2). The specific amounts depend on the number of samples that 

are tested at once. At the end of this step, the total quantity was 20µl in every 

eppendorf cup, including 2µl of target DNA. 

 

TABLE 2. Composition of Master mix 

 

Component Specification 

- Buffer - Maintains the pH of the Master mix on a 

constant level, so that reactions are able to take 

place. 

 

BSA (bovine serum albumin)  Stabilizes the Taq DNA polymerase (Kreader, 

1996). 

- Deoxynucleotides - dATP, dTTP and dGTP need to be present in 

sufficient amounts, to prevent mismatches 

during the duplication process. 

 

- IAC (internal amplification control)  

 

Internal control of the PCR technique, to 

minimalize the chance on a false negative result 

(Hoorfar et al., 2003). 

MgCl2  To work properly, Taq DNA polymerase 

requires free magnesium (Henegarin et al., 

1997). 

- Primer mix  - Primers bind the DNA template and allow the 

Taq DNA polymerase to bind new bases. 

 

Taq DNA polymerase  A heat stable enzyme that adds new 

deoxynucleotides to the DNA template. 

Nuclease-free water The reaction requires water free of nucleotides, 

to prevent interference with the DNA fragments.   
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 2.3. Thermal cycling 

In this step of the process, the samples are alternately heated and cooled 

according to a defined schedule. At high temperatures the DNA strains separate, 

whereas at low temperatures the single strains are used as templates by the DNA 

polymerase. In this way, the quantity of target DNA is increased (Weier, 1988). 

In this study, the fragment of DNA containing the prfALm gene is of interest. 

This gene is extremely specific for L. monocytogenes, distinguishing this 

bacterium from other Listeria species such as L. ivanovii (Mauder et al., 2006). 

An eppendorf cup containing master mix without target DNA, serves as a 

negative control sample. In this study, laboratory strains of L. monocytogenes 

and L. ivanovii were used as an extra control of the results. 

 

3. Agarose Gel Electrophoresis (AGE) 

The PCR samples were placed into the wells of the agarose gel and stained with 

ethidium bromide. The gel consists of a matrix with a specific pore size. By applying 

an electric current, the negatively charged DNA molecules will migrate through the 

gel towards the anode. This happens at different rates, determined largely by the 

mass of these molecules (Robyt et al., 1990). After the electrophoresis is complete, 

the separation of the molecules can be visualized under ultraviolet lighting. In this 

study, a molecule weight size marker and a prfALm marker were run along other 

lanes and compared with the unknown samples. 

 

  

Microtiter plate biofilm production assay 

 

The biofilm formation was measured and quantified by the microtiter plate biofilm 

production assay. When monocultures were used, the technique consists of the following 

steps: 

1. Every chilled strain was transferred in 9 ml of Tryptone Soy Broth (TSB) and 

incubated at 37°C for 24 hours. The day after, 1 ml was taken and put in 9 ml of 

fresh TSB for a second overnight incubation at 37°C.  

2. The bacterial cells were then washed by centrifugation at 2800xg for 10 minutes. 

Afterwards, the supernatant was discarded and the pellet was dissolved in 6 ml of 

physiological saline solution (8,5‰). The concentration of the suspensions was 

adjusted to 5.10
7
- 10

8
 CFU/ml to equal an optical density of 0,15 at a wavelength of 

600nm. 

3. Two sterile 96-well polystyrene microtiter plates were taken and 100µl quantities of 

the physiological saline suspension of each strain were placed into the wells, 8 wells 

per strain. To allow adhesion, the two plates were kept at different temperatures, 

25°C and 37°C, for 3 hours. Afterwards, the non adhering bacteria were removed by 

washing each well with 200µl of double distillated water.  

4. The wash volume was carefully removed by pipette and 100µl of Tryptone Soy 

Broth Yeast Extract (TSBYE) (1:20) was deposited on the adhering bacteria. Then 
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the plates were incubated for 40 hours, at a temperature of 25°C and 37°C 

respectively.  

5. During the incubation time, the cell turbidity was measured by a microtiter plate 

reader at different time intervals. 

6. The non adhering bacteria were removed by washing the plates 3 times with 300µl 

of double distillated water, which is removed by inverting the plates. Afterwards, the 

microtiter plates were air dried for 45 minutes. 

7. Each well was then stained with 150µl of a 1% crystal violet solution in water, for a 

duration of 45 minutes 

8. After staining, the microtiter plates were washed 5 times with double distillated 

water. If a biofilm has formed, it is visible as a purple ring along the sides of a well. 

9. For the quantitative measurement of the biofilm formation, the wells were destained 

by putting 200µl of a 96% ethanol solution in each well. After 10 minutes the 

volumes in the wells were mixed by pipette and 125µl quantities were placed in new 

microtiter plates.  

10. The quantitative analysis consisted of measuring the optical density of the destaining 

solution at a wavelength of 570nm.    

 

For the binary cultures, the first 2 steps were identical to the monoculture protocol (Leriche 

et al., 1999; Elvers et al., 2001). Afterwards, the following protocol was applied: 

1. Of the non-Listeria strains, 100µl quantities were put into the microtiter plate; 8 

wells per L. monocytogenes strain. Two identical microtiter plates were incubated at 

temperatures of 25°C and 37°C for 3 hours to allow adhesion. Afterwards, the non 

adhering bacteria were removed by washing each well with 200µl of double 

distillated water. The washing volume was carefully removed by pipette.  

2. The L. monocytogenes strains were diluted 1:100 in TSB-YE/20 and 100µl 

quantities were placed on the microtiter plates mentioned before.  

3. The microtiter plates were incubated for 40 hours at temperatures of 25°C and 37°C, 

while the optical density was measured at certain time intervals.  

4. At this point, step 5 to 10 of the monoculture protocol described previously was 

applied.  

 

 

Statistical analysis 

 

1. Influence of different temperatures on biofilm formation capacity 

The possible effect of different temperatures on biofilm formation capacity was 

analyzed using the T-test.   

 

2. Correlation between cell turbidity and biofilm formation capacity 

For both monocultures and binary cultures, the Spearman rank order correlation was 

used to evaluate a possible significant relationship between cell turbidity and the 

amount of biofilm formed.  

In both cases, statistical significance was evaluated at a P value of <0,05. 
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Results 

 
Occurrence of Listeria spp. and Listeria monocytogenes in ham processing plants 

 

Three different ham processing plants, named A, B and C in this study, were tested on the 

presence of Listeria spp. and L. monocytogenes. All obtained samples were passed on ALOA 

plates; an overview per plant is shown in Table 3. 

TABLE 3.  Overview of ALOA results per plant 

 Plant A (n=34)  Plant B (n=28) Plant C (n=39) 

Listeria spp. suspected samples 

on ALOA
a 

42% 43% 54% 

Listeria monocytogenes 

suspected samples on ALOA 

3% 11% 18% 

a
 Listeria monocytogenes suspected samples on ALOA included. 

 

To confirm these outcomes, additional non biochemical and biochemical tests were done. 

Non biochemical tests 

Gram staining and the motility test were used to confirm the presence of Listeria ssp. in 

suspected samples. Five individual colonies of each sample were tested (n=235). Results are 

listed in Table 4.  

 

TABLE 4. Non biochemical characterization of Listeria spp. suspected samples on ALOA 

 

 

 

 

 

 Gram positive rods Motile at 25°C 

 Plant A 

(n=70) 

Plant B 

(n=60) 

Plant C 

(n=105) 

Plant A 

(n=70) 

Plant B 

(n=60) 

Plant C 

(n=105) 

Listeria spp. 

suspected 

colonies 

 

      64%              62%             68% 

 

 

     80%               75%              71% 
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Biochemical tests 

Of each Listeria spp. suspected sample, 5 individual colonies were tested on esculin 

hydrolysation capacity and the presence of catalase. Table 5 shows the percentage of these 

positive colonies according to the total number of colonies tested per plant. 

TABLE 5. Biochemical characterization of Listeria spp. suspected samples on ALOA 

 Catalase positive Esculin positive 

 Plant A  

(n=70) 

Plant B 

(n=60) 

Plant C 

(n=105) 

Plant A 

(n=70)  

Plant B 

(n=60) 

Plant C 

(n=105) 

Listeria spp. 

suspected 

colonies  

 

75%                80%               89% 

 

     81%              78%               74%              

 

 

Tubes containing purple broth with rhamnose were used to screen the samples for L. 

monocytogenes. Furthermore, the presence of the prfALm gene was verified using the PCR 

technique. Again, 5 individual colonies of each sample were tested (Table 6). 

 

TABLE 6: Confirmation of Listeria monocytogenes suspected samples on ALOA 

 

 

 

 

 

 

 

 Fermentation of rhamnose Presence of prfALm gene 

 Plant A 

(n=5) 

Plant B 

(n=15) 

Plant C 

(n=35) 

Plant A 

(n=5) 

Plant B 

(n=15) 

Plant C 

(n=35) 

Listeria 

monocytogenes 

suspected 

colonies 

 

      0%                 33%              43% 

 

 

      0%                 13%               20% 
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Final results 

Combining the results described previously, the identity of the samples can be listed (Table 7, 

8 and 9).  

The prevalence of Listeria spp. in plant A was 44,1%, since 15 out of 34 samples were 

positive. No L. monocytogenes was found.  

 

TABLE 7: Detection of Listeria spp./ Listeria monocytogenes in plant A 

a
 sampling sites showed the corresponding result in successive sampling times. 

b
 site was sampled during one session only. 

 

 

 

 

 

 

 

 

 

 

 

 

Sampling site Production phase Presence of Listeria spp./ Listeria 

monocytogenes 

Deboning machine
a Pre-operative

b 

Operative
a 

Listeria spp. 

Listeria spp.
a 

Gutter
b Operative Listeria spp. 

Peeling machine
a Operative Listeria spp. 

Pulp
a Operative Listeria spp. 

Wall
b Operative Listeria spp. 

Washed ham
b Operative Listeria spp. 
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In plant B Listeria spp. were found in 11 out of 27 samples, giving a prevalence of 40,7%. 

One sample tested positive on L. monocytogenes (3,7%).   

TABLE 8. Detection of Listeria spp./ Listeria monocytogenes in plant B 

a
 sampling sites showed the corresponding result in successive sampling times.

 

b
 site was sampled during one session only. 

c
 strain is later recalled as „L.m B‟ in the microtiter plate assay results. 

 

 

 

 

 

 

 

 

 

 

 

 

Sampling site Production phase Presence of Listeria spp./ Listeria 

monocytogenes 

Conveyor belt
a Operative

a 
Listeria spp.

a 

Fraying machine Operative Listeria spp. 

Frigopress Operative Listeria spp. 

Ham washer
b
  Operative Listeria spp. 

Moulding machine
b
  Operative Listeria spp. 

Peeling machine
a
  Operative

a 

Operative 

Listeria spp.
a 

Listeria monocytogenes
c
  

Press
a
  Operative Listeria spp.  
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Plant C showed a prevalence of 45% for Listeria spp.; 18 out of 40 samples were positive. 

Two samples were positive on L. monocytogenes (5%). 

TABLE 9. Detection of Listeria spp./ Listeria monocytogenes in plant C 

a
 sampling sites showed the corresponding result in successive sampling times.

 

b
 site was sampled during one session only. 

c
 visible dirt present. 

d,e
 strains are later recalled as „L.m C1‟ and „L.m C2‟ respectively in the microtiter plate assay results.  

 

 

 

 

 

 

 

 

 

 

Sampling site Production phase Presence of Listeria spp./ Listeria 

monocytogenes 

Conveyor belt
a Pre-operative

b 

Operative
a 

Listeria spp. 

Listeria spp.
a 

Fraying machine
b,c Pre-operative

b 
Listeria spp. 

Frigopress Operative Listeria spp. 

Gutter Operative Listeria monocytogenes
d 

Ham washer
b Operative Listeria spp. 

Peeling machine
a Operative

a 

Operative 

Listeria spp.
a 

Listeria monocytogenes
e 

Pulp  Operative Listeria spp. 

Sewing machine Operative Listeria spp. 

Unwashed ham
b Operative

b 
Listeria spp.  

Washed ham
b Operative

b 
Listeria spp. 
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Water activity 

Because the growth of Listeria spp., and thus L. monocytogenes depends mainly on the water 

activity (aw) value, different pulp samples were tested. As can be seen in Table 10, the aw 

value of all samples were lower than the critical value of 0,97.   

  

TABLE 10. Water activity of pulp samples
*
  

*
 Each aw value represents the average reading from 3 successive measurements.  

 

Microtiter plate assay results 

1. Quantitative analysis of biofilm formation capacity 

After 40 hours of incubation, biofilms were stained and washed. After the wells were 

destained and equal quantities of this solution were put into new microtiter plates. The 

optical density of the destaining solution was measured (Figure 2A and 2B).   

 

 

FIG. 2A. Biofilm formation by monocultures at 25°C and 37°C. 
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FIG. 2B. Biofilm formation by binary cultures at 25°C and 37°C. 

 

To see if incubation at different temperatures influenced the biofilm formation 

capacity of cultures used in this study, the T-test was used. A significant difference 

was found between the biofilm formation capacity at 25°C and 37°C for both the 

monocultures and binary cultures (P<0,05). To minimize the effect of different 

characteristics, separate T-tests were executed on the monoculture and binary cultures 

groups. Both groups showed a significant relation between biofilm formation and 

temperature changes.  

 

2. Correlation between cell turbidity and biofilm formation 

The L. monocytogenes strains found in the food processing plants were used to assess 

biofilm formation capacity. Monocultures and binary cultures were tested. A Listeria 

spp. strain and a Coccus strain found in the same food processing plants were used as 

associated strains. After 0, 20 and 40 hours of incubation at 25°C and 37°C, cell 

turbidity was measured. The growth rate of most monocultures and binary cultures 

entered a stationary phase after 20 hours of incubation. The temperature at which the 

microtiter plate was incubated did not effect this observation (data not shown). Only 

the combined cultures of L. monocytogenes and Coccus strains did not show a 

stationary phase at 37°C (Figure 3).  

 

 

 

 

 

0,000

0,010

0,020

0,030

0,040

0,050

0,060

0,070

0,080

0,090

0 1 2 3 4 5 6 7

D
e

st
ai

n
e

d
 b

io
fi

lm
 (

O
D

5
7

0)

Binary cultures

25°C

37°C



 
22 Listeria spp. and Listeria monocytogenes in ham processing plants: occurrence and assessment of biofilm formation 

 

 

FIG. 3. Cell turbidity of binary cultures, incubated at 37°C. 

Binary cultures in which L .monocytogenes and Coccus strains retrieved from the food processing 

plants were combined, did not show a stationary phase when cell turbidity was measured. L.m B, L.m 

C1 and L.m C2 correspond with the final sampling results listed above in Table 8 and 9. Time 1, 2 and 

3 correspond with OD measurements at different time intervals; at 0, 20 and 40 hours of incubation 

respectively. Each data point represents the average reading from 8 replicates. 

 

 Because not all cultures showed a stationary growth rate after 20 hours of incubation, 

 biofilms were only quantified after 40 hours in this study.  

 Figure 4A and 4B represent column charts of the monocultures used in this study, 

 incubated for 40 hours at 25°C and 37°C respectively. The results of the binary 

 cultures incubated at 25°C and 37°C are reproduced in Figure 5A and 5B. 
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FIG. 4A. Column charts of final cell turbidity (OD570) and destained biofilm (OD570) for monocultures 

of Listeria spp., Coccus and L. monocytogenes strains incubated at 25°C.  

 

 

 
FIG. 4B. Column charts of final cell turbidity (OD570) and destained biofilm (OD570) for monocultures 

of Listeria spp., Coccus and L. monocytogenes strains incubated at 37°C. 
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FIG. 4A. Column charts of final cell turbidity (OD570) and destained biofilm (OD570) for binary 

cultures of Listeria spp., Coccus and L. monocytogenes strains incubated at 25°C.  

 

 

 

FIG. 4B. Column charts of final cell turbidity (OD570) and destained biofilm (OD570) for binary 

cultures of Listeria spp., Coccus and L. monocytogenes strains incubated at 37°C. 

 

 Statistical analysis showed no significant correlation between the amount of destained 

 biofilm and growth optical density of the tested cultures (P>0,05). 

 

 

 

0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,14

0,16

Listeria spp.  
L.m C1

Listeria spp.  
L.m B

Listeria spp.  
L.m C2

Coccus         
L.m C1

Coccus         
L.m B

Coccus         
L.m C2

Growth optical density Destained biofilm

0,00

0,05

0,10

0,15

0,20

0,25

0,30

Listeria spp.        
L.m C1

Listeria spp.  
L.m B

Listeria spp.  
L.m C2

Coccus        
L.m C1

Coccus         
L.m B

Coccus        
L.m C2

Growth optical density Destained biofilm



 
25 Listeria spp. and Listeria monocytogenes in ham processing plants: occurrence and assessment of biofilm formation 

Discussion 

 
Screening of Listeria spp. and Listeria monocytogenes 

 

After incubation in Half Fraser Broth for 24 hours at 37°C, the samples were transferred on 

ALOA plates. By examining these plates the following day, the samples could be roughly 

divided into four groups: 1. No growth of bacteria 

    2. Growth of non-Listeria species 

    3. Growth of suspected Listeria spp. 

    4. Growth of suspected L. monocytogenes 

Colonies belonging to the 4
th

 category were bluish-green, surrounded by an opaque halo. This 

halo differed among samples, whether they were proven to be L. monocytogenes later on, or 

not. Sometimes the halo was very distinct, other times it was very faint. Vlaemynck et al. 

(Vlaemynck et al., 2008) already warned for the L. monocytogenes-like appearance of some 

Bacillus strains and L. ivanovii. Furthermore, size and incubation time influence the 

appearance of the halo caused by L. monocytogenes (Stessl, et al., 2009; Vlaemynck et al., 

2000). Therefore, passage on ALOA agar should be considered a fast method for screening of 

Listeria spp. and L. monocytogenes, but it should always be confirmed by additional testing. 

 

Prevalence of Listeria spp. and L. monocytogenes in ham processing plants 

In the ham processing plants examined in this study, the prevalence of Listeria spp. varied 

from 40,7% to 45%. Results of other studies regarding RTE food processing plants show that 

these findings match the range in which Listeria spp. can occur. Thimothe et al. (2002) found 

a prevalence of 29,5% , whereas Gibbons et al. (2006) found a prevalence up to 80%.  

L. monocytogenes was found in plant B and plant C (prevalence of 3,7% and 5% respectively) 

in the environment and on food contact surfaces. Not only this can pose a public health risk, 

but also the economic importance is substantial. Especially for the plants in the region of 

Parma, which depend mainly on export.  

Therefore, the possible sources where L. monocytogenes could originate from were 

considered. Gibbons et al. (2002) also investigated sources of RTE food product 

contamination with Listeria spp. and L. monocytogenes. Raw and processed meat products, 

food contact surfaces, environmental spots and air were sampled. Raw meat products turned 

out to be the most probable source from which Listeria spp. contamination originated. The 

samples taken in this study from meat pulp, washed and unwashed hams matched these 

findings. From all meat products sampled 53,8% tested positive on Listeria spp., but no L. 

monocytogenes was found.  

Nevertheless, these results show that meat products may play an important role in the 

contamination of food processing plants. L. monocytogenes and Listeria spp. were also 

present in the environment of different plants, making this the second possible contamination 

source.  

 

From one plant, no L. monocytogenes positive samples were retrieved. The question arose 
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whether this could be due to different sanitary practices among plants. No notable differences 

were found; products used for disinfection were all based on alcohol and quaternary 

ammonium compounds. Furthermore, all plants cleaned and disinfected all food contact 

surfaces before, during and after the activities.  

This suggests that post lethal contamination of RTE food products occurs frequently. It could 

be due to lapses in good sanitary practices. To examine this hypothesis, more research is 

needed. The presence of high resistant pathogens such as Listeria spp. in biofilms, although 

this is not directly supported by our results, could also contribute to the degree of 

contamination.  

 

Cell turbidity and quantitative analysis biofilm formation capacity 

With the microtiter plate assay the ability of the collected L. monocytogenes strains to form 

biofilms was investigated. The growth rate of monocultures and binary cultures was examined 

by measuring cell turbidity at different time intervals. Nearly all cultures entered a stationary 

phase after 20 hours of incubation. This is in line with observations done by Djordjevic et al. 

(2002). Only the binary cultures of L. monocytogenes and Coccus strains did not show a 

stationary phase at 37°C. On the other hand, binary cultures consisting of Listeria spp. and L. 

monocytogenes entered a stationary phase at the same temperature. This suggests that non-

Listeria strains present in food processing plants can enhance the colonization of L. 

monocytogenes. Carpentier et al. (2004) also found evidence for this. In addition, an 

inhibitory effect by other strains on L. monocytogenes colonization was seen. Hence, the 

„house flora‟ present in food processing plants can have considerable consequences for the 

degree of L. monocytogenes contamination.   

 

In this study, no significant correlation was found between the growth rate of the cultures and 

the amount of biofilm they formed. Because not all binary cultures reached a stationary phase 

after 20 hours of incubation, biofilm formation was only quantified after 40 hours.  

Djordjevic et al. (2002) also examined this correlation for L. monocytogenes monocultures, 

measured after 20 hours and 40 hours of incubation. At 20 hours of incubation a weak 

relationship was seen (P=0.0286), whereas 40 hours of incubation showed no significant 

correlation.  

This indicates that biofilm formation depends on other factors than the ability to grow in 

TSBYE (1:20). Bonaventura et al. (2008) analyzed the effect of different temperatures and 

various food contact surfaces on the amount of biofilm formed by monocultures of L. 

monocytogenes. The results suggest that L. monocytogenes is able to form biofilms on 

polystyrene, glass and steel regardless of temperature. In this study, polystyrene microtiter 

plates were used to grow biofilms. Therefore, only possible temperature effects on biofilm 

formation capacity were analyzed. At both incubation temperatures, 25°C and 37°C, biofilm 

formation was seen.  
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However, the amount of biofilm formed was significantly higher at 25°C. A possible 

explanation could be the temperature dependent flagellum production in Listeria spp., which 

is only detected at 22°C. O‟Toole et al. (1998) suggested that flagella formation and twitching 

motility can influence the initial phase of biofilm formation. Because biofilm formation 

capacity was only analyzed after 40 hours of incubation, these factors could be excluded in 

this study. Other factors, such as phenotype changes, are suggested to cause the difference 

(Kolter et al., 2006).  

 

Statistical analysis 

 

In this research considered Listeria spp. and L. monocytogenes in particular. Regarding this 

pathogen, significant differences in cell turbidity and biofilm formation were found. However, 

the small amount of positive random samples makes interpretation difficult. For well-founded 

statements and advice, more random samples obtained from more food processing plants are 

necessary.  

 

Significance of this study 

 

This research depended on the voluntary co-operation of ham processing plants to acquire 

samples. Because of that, results should be extrapolated with prudence to the general situation 

of ham processing plants in the region of Parma. However, the fact that L. monocytogenes 

was found in different plants is significant.  

Although only three plants were visited, immediate effects could be seen. Several headmen 

decided to contact persons responsible for the regular sampling of their plants and products. 

In one case, a machine which proved to be positive on Listeria spp. consecutive times was 

removed from the production line.  
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Attachment 

 

FIG. 5. ALOA plate presumably containing Listeria spp. (green colonies) and L. monocytogenes 

(green colonies surrounded by an opaque halo). 

 

 

FIG. 6. Hydrolysis of esculin by L. monocytogenes on OXFORD agar. 
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FIG. 7. L. monocytogenes shows diffuse motility in the tube on the right. The left tube tests negative 

on motility. 
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