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ABSTRACT 

In the last decades there has been a significant increase in the number of foodborne outbreaks connected 

to fresh produce as the vehicle for transmission of pathogenic microorganisms. Among these pathogens, 

the most common are Campylobacter spp., Salmonella spp., Listeria monocytogenes, and Escherichia coli 

O157:H7. It was the objective of this work to assess risk factors for contamination with these 

microorganisms, with a special focus on the role of the consumer.  

For this purpose, it was performed a test of prevalence of these pathogens and an enumeration of hygiene 

indicators (total coliforms and Escherichia coli) in samples of fresh lettuce acquired from different retail 

scenarios to establish a comparison between them. In order to analyze the effect of consumption patterns 

and handling practices, results of a survey performed in Belgium and Spain were used. Furthermore, an 

exposure assessment was conducted in order to calculate the probability of consuming an infected portion 

of lettuce in Belgium.  

The prevalence of pathogens determined in this study was very low in the group of gathered samples: 0/150 

for Campylobacter spp., Salmonella spp., and Escherichia coli O157:H7 but 3/150 for Listeria 

monocytogenes. Regarding consumer behavior, it was noted a concerning tendency, especially in terms of 

storage practice, indicating that a considerable percentage of consumers is not complying with the food 

safety standards. This fact leads to the conclusion that is needed to raise awareness among consumers 

about the importance of their role in the assurance of food safety in their households.  

 

Keywords: food safety; lettuce; consumption patterns; handling practices;  

consumer behavior; exposure assessment. 
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RESUMO 

Nas últimas décadas, foi verificado um aumento significativo do número de surtos epidémicos de origem 

alimentar relacionados com vegetais frescos como veículo de transmissão de microorganismos 

patogénicos. Entre estes, destacam-se Campylobacter spp., Salmonella spp., Listeria monocytogenes e 

Escherichia coli O157:H7, por serem os mais frequentemente registados. Este trabalho teve como objectivo 

a análise de factores de risco para contaminação com estes microorganismos, com um especial foco no 

papel desempenhado pelo consumidor. 

Deste modo, foi executado um teste de prevalência dos patogéneos referidos, assim como uma 

enumeração de indicadores de higiene (coliformes totais e Escherichia coli), em amostras de alface fresca 

recolhidas de diferentes cenários de retalhistas para estabelecer uma comparação entre estes. No estudo 

do efeito de padrões de consumo e práticas de manuseamento, foi analizado um questionário realizado 

entre consumidores provenientes da Bélgica e de Espanha. Adicionalmente, foi realizada uma avaliação 

de exposição para calcular a probabilidade de consumo de porções de alface infectadas na Bélgica. 

Neste estudo, a prevalência de patogéneos determinada nas amostras recolhidas foi relativamente baixa: 

0/150 para Campylobacter spp., Salmonella spp. e Escherichia coli O157:H7 mas 3/150 para Listeria 

monocytogenes. Em relação ao comportamento do consumir, foi registada uma tendência preocupante de 

percentagens consideráveis de consumidores que não respeitam as normas de segurança alimentar, 

especialmente no caso de práticas de armazenamento. Este facto leva à conclusão de existir uma elevada 

necessidade de sensibilização do consumidor em relação à importância do seu papel na manutenção da 

segurança alimentar dentro do seu lar. 

 

Palavras-chave: segurança alimentar; alface; padrões de consumo; práticas de manuseamento;  

comportamento do consumidor; avaliação de exposição. 
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1. INTRODUCTION AND PROBLEM STATEMENT 

In the period of 2007-2011, it was registered that 10% of the outbreaks of severe foodborne diseases in the 

area of European Union (meaning 26% of the cases, 35% of the hospitalizations and 46% of the deaths) 

were associated with pathogenic microorganisms in fresh produce, according to the European Food Safety 

Authority (EFSA, 2013a). It has been noted that the number of cases has dramatically increased in the last 

decades and therefore fresh produce has been recognized as a potential vehicle for transmission of 

pathogenic microorganisms known to cause human disease. 

Campylobacteriosis has been the most commonly reported foodborne disease in humans in the last years 

in the EU area, followed by salmonellosis, listeriosis and infections by Vero(cyto)Toxin-Producing 

Escherichia coli, also known as VTEC (EFSA, 2013b; EFSA, 2014). The detection of the pathogens 

previously mentioned might present some difficulty given to the low prevalence of these in fresh produce, 

making this activity time consuming with complex methodologies and high consumption of resources due to 

the high number of samples needed (Cárdenas et al., 2013). The screening of standard representative 

indicators, such as total coliforms or E. coli, is a possible alternative but an accurate relation between the 

prevalence of indicators and pathogens must be established for the specific case of fresh produce. 

Foodborne outbreaks usually present an animal or human origin and affect fresh produce via direct or 

indirect contamination such as the use of improperly composted manure, contaminated water sources, fecal 

deposition, among others (Berger et al., 2010). The sources of these infections are difficult to trace due to 

the complexity of food supply chains that range distinct operations like production, processing, 

transportation and distribution (FAO/WHO, 2008). Furthermore, new trends in consumption patterns and in 

production procedures are a challenge to current policies that do not cover these situations.  

Finally, consumers play an essential role in preventing the spreading of foodborne diseases through the 

handling practices they adopt in their households. Nevertheless, there is a general lack of awareness to this 

fact and there has been an effort in improving consumers’ knowledge about correct procedures to adopt 

concerning the storage and preparation of food products (Kennedy and Gibney, 2011; Shapiro et al., 2011).  

1.1 Problem Statement 

Most of leafy greens, such as lettuce, are consumed raw without any heat treatment to reduce the 

prevalence of pathogens that may be present in these food products. Furthermore, inappropriate handling 

practices in consumers’ households increases the risk of infection through consumption of fresh produce.  

1.2 Main Objective 

The main objective of this work was to determine risk factors for contamination and further spread of 

pathogenic bacteria along the whole food supply chain until the consumption phase in households, with a 

focus on the role of consumer behavior in the maintenance of food safety.  



  

2 

 

1.3 Specific Objectives 

 Monitoring the presence and levels of indicator bacteria such as E. coli and total coliforms in 

marketed fresh produce (with a focus on leafy greens) acquired in different scenarios of retailers;  

 Monitoring, in parallel, the presence of pathogens such as pathogenic E. coli (VTEC), Salmonella 

spp., Listeria monocytogenes and Campylobacter spp.; 

 Determination of the impact of the source on the hygiene and safety of food products; 

 Assessment of consumer handling practices through data from a prior research and the impact of 

these on the consumer exposure to infections through contaminated fresh produce; 

1.4 Hypothesis 

Investigate if Total Coliforms are a good indicator of fecal contamination (E. coli) in fresh produce and if 

there is a significant difference on the source of retailers in hygiene indicators. Moreover, examine if there 

is a potential link of these indicators to the presence of pathogens. Finally, investigate if new trends in 

consumption patterns represent a health risk to the consumer. 

1.5 Organization of the Steps Performed in this Dissertation 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 – Representative diagram of the constituent steps of this work. 
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2. LITERATURE REVIEW   

This chapter is initiated with a review of the role of lettuce in nutrition along with its standards of quality and 

safety as a food product. Production and supply chains are described regarding practices and concerns of 

entities involved in the process. Finally, previously described consumer behaviors and consumption patterns 

are presented with a brief description of the exposure assessment.  

2.1 Lettuce Quality and Safety 

Research on foodborne human pathogens has been frequently focused on transmission through the 

ingestion of products of animal origin. Nevertheless, recent information has identified fresh produce as an 

emerging vehicle of foodborne outbreaks. These products can present contaminations of various pathogens 

such as norovirus, E. coli O157:H7, and Salmonella spp. (Berger et al., 2010; Jacxsens et al., 2010). 

Furthermore, consumers have grown used to the availability of fresh produce during the whole year made 

possible by globalization of the markets. The import of food products from all over the globe leads to the 

dissemination of pathogens over different areas (Bassett and McClure, 2008).  

Foodborne diseases are originated by the presence of pathogenic microorganisms and/or toxic chemicals 

of different origins in foodstuffs. Incidence of these cases is more frequent among children, elderly and 

people with a weakened immune system. These diseases present a problem to developed and undeveloped 

countries and they are responsible for damages caused to national economies, international trade and 

tourism (WHO, 2006a; Codex Alimentarius, 2003). Zoonosis are infections and diseases that are direct or 

indirectly transmissible between animals and humans, by means of food products for example. These can 

be responsible for various conditions from mild symptoms to life-threatening illnesses. For this reason, it is 

essential to identify animal sources and spreading mechanisms of these infections (EFSA, 2014). 

In the last years there has been a significant increase in the reported cases of foodborne diseases related 

to fresh produce. This increase can be explained by a higher demand of these products due to a stronger 

concern for a healthy diet and a higher awareness of the origin of these diseases (e.g., detection methods, 

traceback abilities) but can also portray a real increase of the number of infections associated to the 

consumption of fruits and vegetables (De Roever, 1998; Bassett and McClure, 2008; Doyle and Buchanan, 

2013). 

The botanical concept of fruit refers to the mature state of the plant ovary that contains the seeds, ranging 

from fleshy fruits to dry fruits such as grains, pulse and nuts. Fruits are included in the term of vegetable 

that concerns edible plants or parts of plants that are cultivated and/or collected for their nutritional value to 

humans. Nevertheless, culinary definitions are more related to nutritional content and health benefits coming 

from the consumption of these products. Thus, cereals are considered a distinctive group from fruits and 

vegetables with a high composition in starch (70% in weight) and representing also a good source of protein 

and fiber. Potatoes and other tubers are sometimes described as part of the cereals group due to their 
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starchy content. Additionally, pulse (fruits and seeds from leguminous plants like beans or peas) are 

occasionally placed together in the protein-rich foods with fish and meat products. Finally, herbs and spices 

are part of minor food groups as the example of plants used for the production of tea, coffee and chocolate 

(Agudo, 2005). 

Fresh fruits and vegetables are essential components of a healthy and balanced diet as they are high 

nutritional value sources of minerals, vitamins and dietary fibers (WHO, 2006b). The World Health 

Organization stated that the individual daily intake of fresh fruits and vegetables should correspond to a 

minimum quantity of 400 g and at least 5 portions, including berries, leafy greens and cruciferous vegetables 

and legumes (WHO, 2003; Agudo, 2005).  

Accordingly, government health agencies worldwide promote the consumption of these products in order to 

prevent the emergence of cancer or coronary heart disease (Berger et al., 2010). Establishing national 

policies to promote the consumption of fruits and vegetables has motivated the creation of reports on this 

topic, as it is the example of the Report of a Joint FAO/WHO Workshop (WHO, 2004) and the report 

elaborated in the Lisbon Workshop on Fruit and Vegetable Consumption in Portuguese Speaking Countries 

(WHO, 2006c). 

Inside the group of vegetables, lettuce assumes an extremely important role as a leafy green in human 

nutrition. It is one of the most bought and consumed vegetables in Europe and the USA with more than a 

third of the population consuming it once a week (Doménech et al., 2013). The scientific name of this 

vegetable is Lactuca saliva and there are several different types (crisphead or iceberg, Batavia, Romaine, 

Butterhead, and leaf lettuce) that may present different colors (green or red). Like other green vegetables, 

although mostly in smaller quantities, lettuce is a source of vitamins, minerals, water, and fiber in the human 

diet without containing protein or fat (Ryder, 2003).  

Lettuce is marketed locally and globally to ensure its availability during the year and can be found as fresh, 

fresh-cut, pre-cut or ready-to-eat products (Codex Alimentarius, 2013). Furthermore, it is a food product that 

is essentially consumed in its raw state, presents a highly perishable nature and has been frequently linked 

to produce-associated outbreaks (Sivapalasingam et al., 2004; Doyle and Buchanan, 2013). According to a 

report prepared by the Food and Agriculture Organization of the United Nations and the World Health 

Organization (FAO/WHO, 2008), leafy greens are the highest priority concerning microbiological hazards 

based on the criteria of “frequency and severity of disease, size and scope of production, diversity and 

complexity of production chain/industry, potential for amplification of foodborne pathogens through the food 

chain, potential for control, and extent of international trade and economic impact”.  

To ensure the safety of these products, a workshop organized by the EU FP7 Veg-i-Trade project (Van 

Boxstael et al., 2013) gathered different stakeholders of the fresh produce supply chain and identified the 

most important sources of information on this matter: alert systems as European Commission’s Rapid Alert 

System for Food and Feed (RASFF), reports of international organizations such as EFSA or WHO, 
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legislative documents as EU legislation, national reports and exchange of information between people. 

Furthermore, the application of concepts such as good agricultural practices (GAP), good hygiene practices 

(GHP) and certification of food safety management systems (FSMS) was identified as a vital control 

measure to assure food safety of fresh produce. 

2.1.1 Bacterial Indicators and Pathogens 

Bacterial pathogens are one of the main threats to safety in fresh produce, siding with norovirus and 

parasites (Berger et al., 2010; Van Boxstael et al., 2013). The link between recent foodborne outbreaks and 

the consumption of leafy greens, tomatoes, sprouts and green peppers has been established (WHO, 2012) 

highlighting the need to minimize microbial contamination in these products. For this reason, there has been 

studies developing microbial sampling plans for production processes and verification of suppliers as it is 

the example of the work of Lahou et al. (2014) that focus on spoilage bacteria, hygiene indicators and 

foodborne pathogens.  

According to Commission Regulation (EC) No 2073/2005 (Anonymous, 2005), “foodstuffs should not 

contain microorganisms or their toxins or metabolites in quantities that present an unacceptable risk for 

human health”. Additionally, Regulation (EC) No 178/2002 (Anonymous, 2002) states that it is the 

responsibility of food business operators to withdraw from the market products that reveal signs of unsafety 

for the consumer. These cases lead to situations of large losses for suppliers and might threat public safety. 

For these reasons, it is essential to define standard safety criteria for the acceptability of food products 

regarding the presence of microorganisms as it is the case of Commission Regulation (EC) No 2073/2005 

(Anonymous, 2005), although this does not present a definition of strict requirements to be set on an 

European level.  

The presence and growth of microbial pathogens in fresh leafy greens is determined by the characteristics 

of the organism, the physiological state of the plant and its resistance to infections, surrounding environment 

(e.g. pH, water activity, atmospheric composition), and applied processing since damages in the plant tissue 

lead to the release of nutrients and provide an adequate matrix for bacterial proliferation (FAO/WHO, 2008; 

Doyle and Buchanan, 2013). The mechanism of infection in leafy greens remains still uncertain. However, 

it is known that internalization of pathogens into the plant through the roots or transference of these to the 

leaf surface, with possible internalization through leaf orifices or biofilm formation, are potential transmission 

routes of human pathogens in these vegetables (Olaimat and Holley, 2012; Jensen et al., 2013).   

A description of the microbial indicators and pathogens in the scope of this work is presented below, together 

with a brief overview of studies with these microorganisms related to food safety. 

2.1.1.1 Campylobacter spp. 

Campylobacter spp. are Gram-negative, oxidase-positive, non-spore-forming bacteria that usually present 

a characteristic spiral curved shape (Doyle and Buchanan, 2013). These are thermotolerant bacteria that 
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infect humans, mostly the species Campylobacter jejuni but also C. coli, C. lari, and the non-thermophilic C. 

fetus (EFSA, 2014). Campylobacter jejuni is a zoonotic pathogen and one of the most common causes of 

diarrheal illness in the USA. This microorganism requires a microaerobic atmosphere and a temperature of 

37ºC-42ºC to grow, thus it only survives for a short time outside of its host (Gardner et al., 2011).  

The alimentary tract of birds and mammals is the most common reservoir for this bacteria. Campylobacter 

spp. are largely found in farm animals such as poultry, cattle, pigs, and sheep but also pet animals (dogs 

and cats), wild birds or water sources. The bacteria is not harmful to animals usually with exception of C. 

jejuni that can induce abortion in sheep. Contact or consumption of poultry meat, ingestion of contaminated 

water, contact with pets and cross-contamination during food handling have been identified as the most 

common sources of human infection. Less frequently, Campylobacter can also contaminate other food 

products as milk and dairy products, fish, mussels and fresh vegetables (EFSA, 2014). 

Campylobacteriosis has been the most commonly reported zoonosis in the member states of European 

Union since 2005 and has revealed an increasing tendency in the last years together with a seasonal trend 

and a low fatality rate. Campylobacter spp. are most commonly found in fresh broiler meat samples (EFSA, 

2014) and the main cause of infection is improper handling, especially cross-contamination to other food 

products (Hoelzl et al., 2013). This disease is characterized by symptoms of watery and bloody diarrhea, 

abdominal pain, fever, nausea, and vomiting. These symptoms are usually manifested 2 to 10 days after 

infection and remain for 1 to 2 weeks. Some cases have shown chronic effects in patients such as Guillain-

Barré syndrome or reactive arthritis (Gardner et al., 2011). 

In the work of Gardner et al. (2011), the origin of a campylobacteriosis outbreak in south-central Alaska was 

traced to a Sandhill crane fecal contamination with C. jejuni. Birds are also a common reservoir for this 

microorganism and they were responsible for the deposition of feces in pea fields leading to the infection of 

the local population that consumed this vegetable in its raw state. In another study carried out in lettuce 

farms located in West Flanders (Holvoet et al., 2014), it was noted a small prevalence of Campylobacter 

spp. (8/88) in the collected samples. Irrigation water was identified as the major risk factor of contamination 

in fresh lettuces. Other studies have stated the prevalence of this microorganism in lettuce (Kärenlampi and 

Hänninen, 2004; Abadias et al., 2008; Oliveira et al., 2010; Wijnands et al., 2014).  

2.1.1.2 Coliforms 

Coliforms are commonly present in the gastrointestinal tract of mammalian animals and humans. These 

microorganisms are Gram-negative facultative anaerobes that present a rod shape and have the ability of 

fermenting lactose (Aycicek et al., 2006).  

Coliforms are able to grow and spread in different environments. Their origin in fresh produce might not be 

irrigation water but other sources present in the surrounding environment. Thus, the use of these 

microorganisms as an indicator of fecal contamination in fresh produce can be unreliable if there is no 

consideration of the environmental context (Won et al., 2013). Several authors have published their work 



  

7 

 

on the prevalence of coliforms in lettuce and its use as an indicator of fecal contamination (Viswanathan 

and Rhandir, 2001; Aycicec et al., 2006; Mdluli et al., 2013; Brandão et al., 2014; Moneim et al, 2014).  

2.1.1.3 Escherichia coli 

Escherichia coli is a Gram-negative facultative anaerobe bacteria from the family Enterobacteriaceae that 

presents the shape of rods. It is usually part of the microbiota in the intestinal tract of animals and humans 

where they live as commensals with mutual benefit for bacteria and host. In this symbiotic relation, E. coli 

is responsible for breaking down cellulose chains, assisting in the absorption of vitamin K by the host and 

preventing the colonization of the intestinal mucosa by diarrhoeagenic bacteria (Buvens & Piérard, 2012). 

Comparing to the case of coliforms, E. coli is a more specific indicator of fecal contamination in leafy greens 

(FAO/WHO, 2008). Different studies have been published regarding the use of E. coli as a representative 

indicator of fecal contaminations in fresh produce (Soriano et al., 2001; Viswanathan and Rhandir, 2001; 

Aycicek et al., 2006; Abadias et al., 2008; Oliveira et al., 2010; Jensen et al., 2013; Brandão et al., 2014; 

Moneim et al, 2014) but also concerning the possibility of these microorganisms developing antimicrobial 

resistance while growing on fruits and vegetables (Holvoet et al., 2013).  

Nevertheless, due to the acquisition of virulence factors through horizontal gene transfer, some strains 

became important pathogens responsible for a wide spectrum of diseases such as enteritis, enterotoxaemia, 

cystitis, pyelonephritis, meningitis, mastitis, arthritis, and septicemia. These pathogenic strains are usually 

host-adapted and only a few that infect animals are harmful to humans (Piérard et al., 2012). The 

pathogenicity of E. coli strains is related to specific virulent factors that establish the interaction with the 

targeted host as described by Piérard et al. (2012): “colonization of the epithelial surfaces, crossing of the 

mucosal barriers, invasion of the blood stream and internal organs, and/or production of toxins causing 

cellular and tissue damages leading to organ dysfunction, clinical signs, symptoms and diseases”.  

E. coli O157:H7 is a zoonotic serotype whose reservoir is the intestinal tract of healthy asymptomatic 

ruminants (such as cattle, sheep, goats, and cervids) and it causes sporadic and epidemic cases of watery 

and bloody diarrhea, hemorrhagic colitis and might sometimes progress to hemolytic uremic syndrome (10% 

of patients infected with VTEC O157) or in adults to thrombotic-thrombocytopenic purpura, presenting in 

general a case-fatality rate of about 1%. The incubation period ranges from 2 to 8 days and the symptoms 

of non-bloody diarrhea are manifested for 1 or 2 days and followed by 4 to 10 days of bloody diarrhea. This 

serotype has the highest epidemiological and clinical incidence and it is the most frequently involved in 

outbreaks of foodborne diseases making it an important target for this study. Generally, human infection is 

due to the consumption of food products of vegetal or animal origin that suffered contamination through the 

feces of ruminants and it represents a dead-end in the survival of the microorganism (Buvens & Piérard, 

2012; Piérard et al., 2012; Doyle and Buchanan, 2013; EFSA, 2014). 

The enterohemorrhagic strains of E. coli (EHEC) are characterized by the production of cytotoxins 

denominated Vero(cyto)toxins (Vtx) or Shiga toxins (Stx) that cause damage in the blood vessel walls by 
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inhibition of protein synthesis provoking thrombotic microangiopathy. This situation is responsible for the 

hemolysis, thrombocytopenia and renal failure characteristic of hemolytic uremic syndrome symptoms. The 

mentioned EHEC strains are also responsible for “Attaching and Effacing” (AE) lesions on target cells by 

disrupting the enterocyte microvilli and attaching to the exposed cytoplasmic membrane. However, different 

authors state different opinions on the definition of the EHEC group leading to variations of the strains 

covered by this definition in scientific literature (Piérard et al., 2012).  

The most frequent food vehicle of E. coli O157:H7 are meat products although there have been outbreaks 

related to other foodstuffs such as dairy or fruits and vegetables, the latter corresponding to 11% of 264 

reported foodborne outbreaks (Doyle and Buchanan, 2013). Outbreaks of E. coli O157 have been following 

an increasing trend in EU in the period of 2008 to 2012 with a seasonal pattern of higher incidence during 

summer months (EFSA, 2014) and they have been reported in several works. Söderström et al. (2008) 

described the largest outbreak in Sweden until 2005 of this pathogen in which lettuce was identified as the 

most probable origin. This hypothesis revealed difficult to prove since it was impossible to isolate the 

microorganism from lettuce samples despite the effort of numerous laboratories involved. Different studies 

have also covered the prevalence of E. coli O157 in lettuce samples (Abadias et al., 2008; Hoogenboom et 

al., 2008; Oliveira et al., 2010; de Quadros Rodrigues et al., 2014; Wijnands et al., 2014) and respective 

survival (Van der Linden et al., 2013a). 

2.1.1.3 Listeria monocytogenes 

Listeria monocytogenes is a facultative anaerobic and psychrotrophic bacteria that presents a resistance to 

various environmental conditions as low pH and high NaCl concentrations. This microorganism has the 

ability to form biofilms on surfaces of different materials as stainless steel, glass, plastic or rubber and, for 

this reason, is a major concern in food processing plants (Doyle and Buchanan, 2013).  

Human cases of listeriosis are near uniquely provoked by Listeria monocytogenes. These microorganisms 

are strongly present in the soil and plant matter and the most common reservoirs are soil, forage, water, 

and contaminated animals. Transmission to humans is usually established by the consumption of 

contaminated food since this bacteria is present in raw food and it can also contaminate processed foods 

and reproduce until temperatures of 2ºC to 4ºC. Because of this, L. monocytogenes is a distinctive concern 

regarding ready-to-eat (RTE) food products with a long shelf-life since these are the most frequent source 

of listeriosis (EFSA, 2014). 

The symptoms of listeriosis can vary from a mild flu-like condition or diarrhea to a life-threatening state of 

septicemia, meningoencephalitis or spontaneous abortion and the incubation period can range up to 70 

days. Fetuses, newborn infants, elderly and people with a weakened immune system are specially exposed 

to severe states of the disease. The number of registered cases suffered a slow increase in the EU from 

2008 to 2012 and it has been revealing a seasonal pattern. Patients of listeriosis present a high mortality 
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rate (17.8% in the EU in 2012) making this disease one of the main causes of death associated with 

foodborne illnesses in developed countries (Doyle and Buchanan, 2013; EFSA, 2014).     

Various studies have been carried to analyze the prevalence of L. monocytogenes in lettuce samples 

(Abadias et al., 2008; Oliveira et al., 2010; Wijnands et al., 2014).  

2.1.1.4 Salmonella spp.  

Salmonella spp. are facultative anaerobic Gram-negative rod-shaped bacteria that belong to the family 

Enterobacteriaceae. These microorganisms grow optimally at 37ºC and they are oxidase negative, catalase 

positive, grow on citrate as sole carbon source, produce hydrogen sulfide, lysine decarboxylase and 

ornithine usually, and hydrolyze urea, traits commonly used for biochemical identification of these species. 

Salmonella are greatly adaptable to different environmental conditions (e.g., temperature, pH, water activity, 

salt concentration) representing a serious risk to food safety (Doyle and Buchanan, 2013).  

Contaminations of Salmonella spp. are the most frequent origin of outbreaks in fresh produce in an amount 

of approximately half of the cases of bacterial origin in the USA according to the work of Sivapalasingam et 

al. (2004, cited in Berger et al., 2010). In the area of the EU, it is the second most common zoonosis in 

humans and it has been registered a significant decrease in the number of infections in the period of 2008 

to 2012. This was essentially attributable to the implemented control programs in poultry populations since 

meat and products thereof are the most frequent source of salmonellosis. Nevertheless, presence of 

Salmonella in samples of fruits and vegetables was reported in 20 member states of the UE in 2011 and in 

21 member states in 2012. Additionally, the incidence of salmonellosis presents a seasonal pattern with a 

higher number of reported cases during summer months (EFSA, 2014).  

Intestinal tract of domestic and wild animals is the most common reservoir of this pathogen leading to 

situations of direct or indirect fecal contamination of both animal and vegetal foodstuffs (EFSA, 2014). Fruits 

and vegetables can be exposed to contaminations of Salmonella spp. through infection via scar tissues, 

root systems, subsequent internalization due to pre-embryogenesis infection or transfer of surface 

contaminants. In addition, there may be cases of cross-contamination between raw ingredients or due to 

lack of GMPs during processing (Doyle and Buchanan, 2013).  

S. Enteritidis and S. Typhimurium are the two most reported serovars in human infections in the EU. 

Salmonellosis is characterized by symptoms of acute fever, abdominal pain, nausea, and vomiting. The 

disease presents an incubation period of 12 to 36 hours and the symptoms last for a few days. In some 

patients, the dehydration caused by this disease can be life-threatening and in case of systemic infections, 

like septicemia, the use of effective antimicrobials is necessary for the treatment, although the case-fatality 

rate is low. It has also been reported connections between salmonellosis and the development of long-term 

or chronicle sequelae as reactive arthritis (EFSA, 2014). 
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The EU summary report elaborated by EFSA (EFSA, 2014) presents the results from 20 investigations on 

the presence of Salmonella in vegetables. This pathogen was found in 9 of the 20 investigations in 

proportions of <0.1% to 1.2%, except for a small Danish investigation of leafy greens that reported a 

prevalence of 9.1% in the 33 analyzed samples. Other studies have also stated the prevalence of 

Salmonella spp. in lettuce samples (Viswanathan and Rhandir, 2001; Abadias et al., 2008; Hoogenboom et 

al., 2008; Oliveira et al., 2010; de Quadros Rodrigues et al., 2014; Brandão et al., 2014; Moneim et al, 2014; 

Wijnands et al., 2014). The survival of Salmonella in lettuces was assessed in various works (Van der Linden 

et al., 2013a; Waitt et al., 2014).  

2.2 Lettuce Production and Supply Chains 

In order to assure quality and safety of food products, all the entities that take part along the food chain 

(producers and suppliers) must follow standard hygiene principles as the ones defined in Regulation (EC) 

No 852/2004 (Anonymous, 2004). This regulation states however that in the case of short food supply chains 

it is the role of local governments “to protect public health through national law, because of the close 

relationship between the producer and the consumer”.  

The principles on hygiene of food products must be in accordance with the principles of “Hazard Analysis 

and Critical Control Points” (HACCP) by identifying possible sources of contaminations, implementing 

effective control on these steps, monitoring the effectiveness of implemented measures and frequently 

reviewing these control procedures (Codex Alimentarius, 2003). Food safety management systems (FSMS) 

must be performed in an appropriate way along the food supply chain in accordance to the characteristics 

of the concerned product. Nevertheless, it has been stated that this is still not currently satisfactory due to 

the lack of a scientific definition of quality assurance requirements and control measures in the case of fresh 

produce supply chains (Jacxsens et al., 2010; Kirezieva et al., 2013b).  

Therefore, a philosophy of “from farm to fork” safety must be intertwined along the whole food supply chains. 

This includes farms, food processing facilities, distribution channels, retailers, restaurants, and households 

(Powell et al., 2011). This way, there must be a joint effort to guarantee the enforcement of safety standards 

by all parties involved in the food supply chains: consumers, industries and governments (Manning and 

Soon, 2013).  

2.2.1 Primary Production 

Primary production of crops is of vital concern in what regards contaminations of fresh produce and it 

presents several differences from the case of animal products since it is affected by factors such as 

temperature, humidity, precipitation, and surroundings (Kirezieva et al., 2013b). Infections of fresh produce 

occur frequently during the growth phase of vegetables in the field and they are usually originated by the 

use of insufficiently composted manure or contaminated irrigation water that will therefore contaminate the 

soils used for agriculture. Cases of contaminations can also be explained by infection via insects, pesticide 

application and fecal deposition by animals (Holvoet et al., 2014). Moreover, the source of the seeds used 
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in agriculture is a main concern since they might be the origin of contamination as it was assessed in the 

work of Van der Linden et al. (2013b).  

The use of manures and sewage as organic fertilizers in agriculture can be a source of contamination by 

pathogens if these are not properly composted before application (Berger et al., 2010; Olaimat and Holley, 

2012; Jensen et al., 2013). This is an effective approach to manage animal, human and plant waste. 

Although, due to the long survival of pathogens, appropriate composting procedures must be adopted in 

order to avoid infection of growing vegetables in the fields (FAO/WHO, 2008). Irrigation water is a likely 

source of contamination of fresh produce while growing in the field. The contamination of water can be 

explained by cases of runoff from animal pastures or contamination of the used water source (Berger et al., 

2010; Olaimat and Holley, 2012). 

Insects can also be a source of contamination of fruits and vegetables. Previous studies have shown that 

contaminated flies can transfer bacteria to plant leaves or fruits, such as E. coli O157:H7 (Berger et al., 

2010). Additionally, rainfalls may periodically be responsible for the occurrence of flooding events. These 

situations may lead to the spread of fecal matter or contaminated soil or water in the fields, leading to the 

infection of the growing vegetables in this area. The risk is stronger if the area is exposed to drought and 

flood periods alternately because of the consequent compaction of the soils (FAO/WHO, 2008).  

The harvest is another step under the responsibility of farmers and this task may be performed by hand or 

mechanically. Leafy greens such as lettuce are harvested with intact roots or by cutting the leaves from their 

root. In this phase, workers may also remove outer or damaged leaves or proceed with a packing operation 

in the field. These actions involve a long contact with the handler in addition to his tools and equipment and 

may also be an origin of contaminations. Alternatively, the packing may occur in appropriate facilities where 

other operations are fulfilled such as sorting, trimming, washing and drying, pre-cooling and storing. These 

packinghouses represent various scenarios of possible contaminations as the raw material, personnel, tools 

and equipment, surrounding environment, and water and ice used in the process (FAO/WHO, 2008).  

The World Health Organization has identified the growth phase of vegetables and fruits as a critical point in 

the assurance of safety in these products. For this reason, a manual for rural farmers in order to educate 

about microbial food safety was created (WHO, 2012). In this document, it is presented that the five key 

practices to reduce contaminations consist on maintaining an appropriate individual hygiene, avoiding fecal 

contaminations in the fields, using properly treated manure, ensuring quality of irrigation water and keeping 

the equipment and facilities clean and dry. Likewise, the Codex Alimentarius Commission has issued 

standards in order to define good practices in primary production (Codex Alimentarius, 2003) with a 

particular focus on fresh fruits and vegetables (Codex Alimentarius, 2013).  

Due to the influence of good agricultural practices (GAP) on food safety and quality, different stakeholders 

have been trying to define standards for GAP and promoting their implementation, also because of the 

positive impact of these in environmental, economic and social sustainability in food supply chains 
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(FAO/Embrapa, 2002; FAO, 2003a; FAO, 2003b; FAO, 2003c; FAO, 2004a; FAO, 2004b). Studies have 

been published regarding the effect of compliance with GAP or the lack of it in the production of vegetables, 

especially for the case of organic farming (Wießner et al., 2009; Maffei et al., 2013; de Quadros Rodrigues 

et al., 2014). 

2.2.2 Processing   

The step of processing consists on the operations of grading, removal of outer or damaged leaves, coring, 

cutting, washing, sanitizing and packing that happen in a factory environment. In the specific case of fresh 

lettuce, the process usually consists solely on the operations of grading, storing and packing. The presence 

of microorganisms in leafy greens usually reflects the state of the vegetable in the moment of harvest 

although processing can also play a determinant role in this. Some of the operations have the aim of 

minimizing microbiological hazards by reducing the presence of pathogens (e.g. disinfection), controlling 

microbial growth (e.g. chilled storage) and protecting the product from additional contaminations (e.g. 

packing). On the other hand, contact with equipment surfaces, use of contaminated washing water and 

tissue injuring may be a source of infection of the product (FAO/WHO, 2008).  

The operation of packaging of leafy greens aims to prevent damages caused during transportation and 

storage such as rough handling, compression from other containers, impact and vibration (Codex 

Alimentarius, 2004). Packaging is also used to prevent that leafy greens lose their humidity quality and high 

humidity is an essential factor for the survival and growth of pathogens thus it becomes of utter importance 

that there is a good maintenance of the cold chain, a concept that will be addressed in more detail in Section 

2.2.4 (FAO/WHO, 2008). 

Standards for ensuring the maintenance of quality and safety of fresh produce in food establishments have 

been published (Codex Alimentarius, 2003; Codex Alimentarius, 2013) as well as standards for good 

manufacturing practices in the industry (FDA, 1998).  

2.2.3 Transport 

Transportation is performed usually through the use of trailers or vans that ought to present a refrigeration 

system in case of long transit or storage. Transportation by air is also an option in case of high-valued 

perishable food products. This operation depends on the reliability and quality of the different carriers in 

order to ensure quality and safety in food products and for this it must respect appropriate principles of 

hygiene, equipment maintenance and temperature control in order to prevent microbial, chemical or physical 

contaminations (Codex Alimentarius, 2004). Further information on correct practices during this operation 

can be found in various publications emitted by the Codex Alimentarius Commission (Codex Alimentarius, 

2001; Codex Alimentarius, 2003; Codex Alimentarius, 2013).  

Quality and safety maintenance during transportation presents social and economic effects on the markets 

leading to the development of public health and comfort through the free movement of food products. For 
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this purpose it is necessary to create general standards of food safety for different markets as in the example 

of member states of the European Union stated in the Regulation (EC) No 178/2002 (Anonymous, 2002).  

2.2.4 Distribution 

Standards for distribution facilities were emitted by the Codex Alimentarius Commission (Codex 

Alimentarius, 2003) regarding design of facilities, control of operation, maintenance and sanitation, personal 

hygiene, and product information.  

The maintenance of the cold chain from the moment of harvest to the moment of consumption is extremely 

important to ensure the quality and safety of leafy greens. Temperature should be kept between 1ºC and 

5ºC through all the supply chain and exposure to higher temperatures should be reduced to its minimum 

(Codex Alimentarius, 2013).  Although viruses and parasites are not highly affected by low temperatures, 

bacterial growth is severely prevented by these conditions. Refrigeration does not reduce the presence of 

pathogens but can avoid their growth until the infectious dose, though some pathogens present low 

infectious doses and may still be the cause of illnesses. Nevertheless, chilled storage can also be a source 

of contamination in the case of low hygiene levels of the refrigerators that will lead to the spreading of 

microorganisms through the airflow (FAO/WHO, 2008). 

In the moment of purchase, consumers must be appropriately informed about the displayed products. In 

particular, food products should present information about the correct handling, storing and cooking 

procedures to prevent contaminations. Information about the product lot should also be presented in case 

of need of a recall (Codex Alimentarius, 2003).  

Previous works have stated that there are different factors that influence the consumer choice regarding the 

matter of food supply chains. Differences between consumers throughout the world can be explained by 

“diversity in farming systems and territorial settings, different cultural and gastronomic traditions, a diversity 

in the organizational structures of food supply chains, variations in consumer perceptions, and also from 

substantial differences in institutional and policy support” (Rentings et al., 2003). Three different scenarios 

of possibilities of supply chains considered in this work are described in more detail below.  

2.2.4.1 Supermarkets 

The concept of supermarkets was introduced in Europe during the decades of 1960 and 70 coming from 

North America. By this time, the food market changed from a supply market to a demand market, forcing 

retailers to adapt to customer’s desires. These establishments greatly surpassed the traditional retailers in 

food sales in North Europe due to the competitive advantage offered by the execution of better quality 

controls and the access to cold storage facilities, while in South Europe traditional retailers could still remain 

competitive (Cadilhon et al., 2003).  

Regarding the choice of the place of purchase for food products, customers point the convenience of buying 

different products in the same place and the low prices available as the main advantages of purchasing in 
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supermarkets (Farhangmehr et al., 2000). Furthermore, most of food products in supermarkets are 

submitted to private food safety standards emitted by third-party certification bodies, such as Global GAP, 

Safe Quality Food (SQF) or the British Retail Consortium, that suppliers must comply with (Fagotto, 2013). 

The increasing presence of these in our society has enabled the customer to have access to a wide range 

of different products and labels, leading to an intensification of the competition between retailers. This kind 

of establishments depends on customers developing long-term relationships of store loyalty through the 

quality and reliability of the service and the products (Loureiro et al., 2014). Nowadays, traditional 

competitive strategies such as low prices and merchandising offers present a decreasing effectiveness with 

the customers as opposed to assuring high quality levels of performance in these establishments (Martinelli 

and Balboni, 2012). An example of this is the introduction of organic food products in supermarkets as an 

alternative to farmers’ markets or specialized shops (Gottschalk and Leistner, 2013).  

2.2.4.2 Independent Shops  

Independent shops differ from supermarkets in various aspects: range of merchandise, ownership type, 

size, and internal design (Guy, 1998). These establishments of smaller size usually present higher prices 

on their products due to higher acquisition prices and operational costs, comparing to supermarkets. 

Nevertheless, the difference is not significant and allows them to remain competitive also because of other 

assets such as more favorable location and a more intimate contact during the moment of purchase (Anania 

and Nisticò, 2014). 

2.2.4.3 Farmers’ Markets 

Farmers’ markets have displayed a substantial growth throughout the world in terms of size and sales 

revenue. Consumers are becoming gradually more conscious of quality and safety of food products and 

therefore they look for high quality locally grown fresh food that can be bought directly from the source by 

establishing a social interaction with sellers. This is a way to express consumer values by promoting rural 

economies and reviving the sense of community, leading to a more enjoyable experience during the act of 

purchase. This interest arises as a reaction to the fact that food supply systems are becoming progressively 

more industrialized and global in reach. Additionally, farmers’ markets can also be the way to guarantee the 

availability of healthy indispensable food products, such as fresh produce, in disadvantaged areas with no 

access to supermarkets. On the other hand, this situation is also advantageous for farmers due to the 

potential of information exchange that provides access to customer feedback (Ilbery & Maye, 2005; Carey 

et al., 2011; Ruelas et al., 2012).  

The disposal of food products in farmer’s markets is usually characterized by being held outdoors with 

exposition to contaminations of dirt, insects and pollution. These markets are generally located in places 

with little access to potable water for hand or product washing or electricity for refrigeration devices. 

Moreover, employees frequently engage in multiple simultaneous work roles such as manager, cashier, 
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cook and server. Due to the nature of these markets situations of cross-contamination, improper food 

holding or environmental exposure are likely to happen (Behnke et al, 2012).  

Due to this increase of popularity and the lack of literature on the matter, research on this area is of vital 

importance in order to define the impact of this change on society. Furthermore, regulations about these 

temporary foodservice establishments are usually vague and more flexible than the ones applied to 

permanent facilities. For this reason, it is necessary to implement policies in these establishments with the 

purpose of not compromising public safety (Behnke et al, 2012).  

2.3 Consumer Behavior and Consumption Patterns 

The behavior of consumers in their households assumes an extremely important influence in the prevention 

of foodborne diseases since it is the most common setting of exposure. It is particularly important to convince 

consumers that they play a key role in preventing the spreading of foodborne diseases as they are not 

complying with the correct procedures of food handling even if they have knowledge of these. This is mostly 

due to the fact that consumers still think that most of the sources of infection are outside their home but also 

because of the feeling that these procedures lead to an excessive consumption of time, effort and resources 

during the preparation of meals (Kennedy and Gibney, 2011; Shapiro et al., 2011).  

According to the World Health Organization (WHO, 2006a), the Five Keys to Safer Food are maintaining a 

good level of hygiene during food handling, avoiding cross-contaminations between raw and cooked 

products, following appropriate cooking practices respecting the needed time for the process, storing 

foodstuffs at the right temperature, and assuring the safety of the sources of water and food products.  

2.3.1 Storage Practices 

Usually consumers keep fresh fruits and vegetables in the refrigerator but still some store these products at 

room temperature. Refrigerating devices have the purpose of maintaining the freshness and control 

microbial growth during the period of storage in order to ensure the quality and safety of these products in 

the moment of consumption. Additionally, also basements can be used to store fresh produce if it is 

adequately ventilated, dry and presents a temperature between 10 and 15ºC (Jacxsens et al., 2012).   

A large number of studies in the last years portray how consumers’ knowledge and adopted practices about 

food safety assume a wide range of different levels during the process of storing (Li-Cohen and Bruhn, 

2002; Marklinder et al., 2004; Garayoa et al., 2005; Kosa et al., 2007, Jevšnic et al., 2008; Scott and Herbold, 

2010; Kennedy and Gibney, 2011; Zorba and Kaptan, 2011; Lazou et al., 2012; Losasso et al., 2012; 

Ergönül, 2013; Taché and Carpentier, 2014). In general these results show that a considerable portion, if 

not the majority, of the respondents lacks knowledge about correct storage practices for food products 

meaning that they do not know the correct temperature for cool storage and they are not aware of the 

temperature of their own refrigerator. Thus, the cold chain is often broken during home storage allowing the 

opportunity for contaminations in the households. A review of the literature reveals a clear consensus that 
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consumers need to be educated on the correct storage practices in order to ensure safety of food products 

in the households. 

Furthermore, another high-risk practice in a domestic kitchen is the storage of leftovers of food products. 

Commonly these are kept in the refrigerator usually for one day up to five days and then consumed, 

sometimes without being thoroughly cooked. This practice can lead to a large increase of the bacterial 

counts meaning that leftovers should be handled under strict hygienic procedures and stored with a cover 

in a refrigerator with an appropriate temperature (4ºC – 7ºC) for no more than 3 days. In case of longer 

storage is needed, food products must be frozen (Beumer and Kusumaningrum, 2003).  

2.3.2 Home Washing Procedures 

Previous works have shown that home washing leads to a considerable reduction of microbial prevalence 

in food products before consumption. This reduction varies according to the washing procedure followed 

and the initial state of contamination of the product (Doménech et al., 2012).  

Different studies have been carried out in order to analyze handling procedures during the preparation of 

meals at home (Li-Cohen and Bruhn, 2002; Abbot et al., 2009; Scott and Herbold, 2010; Lazou et al., 2012; 

Hoelzl et al., 2013; Millman et al., 2014) and its effects on the assurance of food safety in consumers’ 

kitchens (Mattick et al., 2003; Ravishankar et al., 2010). These studies present a strong focus on the 

handling of meat products and cross-contaminations to fresh produce since many foodborne outbreaks are 

associated with these practices (Pérez-Rodríguez et al., 2008). Nevertheless, authors agree that people 

are generally not complying with safe-food handling practices by lack of information or, in case of being 

informed, by lack of motivation. As it was mentioned before in section 2.3.1 regarding storage practices, 

authors share the opinion that more awareness should be raised among consumers about the vital role they 

play in preventing foodborne diseases through the practice of proper handling procedures.  

2.3.3 Food Consumption Patterns 

Different lifestyles present an impact in food consumption patterns of society and gradually food products 

are becoming designed in response to specific demands of the consumer. Time pressure leads to the 

development of new products characterized for easy and fast preparation such as pre-cut and pre-washed 

produce (Renting et al., 2003). On the other hand, culture is also an important factor to consider in the 

analysis of food consumption patterns, as it is the case of this work. The term culture can be defined as the 

set of social customs, rituals, beliefs, philosophies and symbols but also the history and traditions of 

members of social groupings (Griffith et al., 2010).  

Consumption patterns but also consumer behavior are dependent on the individual but also on 

demographic, social, cultural, economic, and environmental factors (Wilcock et al., 2004; Losasso et al., 

2012). Demography plays an important role in determining consumption patterns: as an example, there 
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have been reported cases in which the incidence of infection is higher in women than in men when the 

presence of the pathogen is associated with vegetables (Söderström et al., 2008).  

Another factor that was identified was if consumers were having their meals at home or in restaurants. It 

seems like it is more probable to be exposed to infections in restaurants, possibly as a result of not so 

thorough washing practices in these establishments (Söderström et al., 2008).  

The study of food consumption patterns may be performed considering the overall population or on an 

individual level. Analyzing food supply data at national level offers information about food availability 

although it does not consider losses in waste or processing, leading to possible erroneous balances. 

Surveys performed on a household level provide information about consumption but do not discriminate 

individual consumption. Therefore, overall population analysis are appropriate for geographical 

consumption comparisons and for recording time-dependent trends (Agudo, 2005).  

In order to perform an individual consumption analysis, questionnaires and records are the main tools used. 

Food records consist on individuals reporting the consumption of food products during a specific amount of 

time, usually one week, with the possibility of reporting also the quantities. In food-frequency questionnaires 

(FFQ), respondents estimate the average frequency of consumption of food products over a given period 

and may also be asked to estimate the portion of each consumption leading to semi-quantitative FFQ. While 

food records are limited by the fact that they are based on the memory of the respondent, FFQ are more 

appropriate for large timeframes analysis as it is the case of the present study (Agudo, 2005).   

2.4 Exposure Assessment  

An exposure assessment is a step in a risk assessment that consists in determining the probability of 

consuming a given pathogen and the respective cell numbers ingested. The complex part is to model the 

growth, survival and inactivation of pathogens along the supply chain until the moment of consumption using 

predictive microbiology methods and tools (Doyle and Buchanan, 2013). This information is combined with 

consumption patterns to determine the exposure of the population and mathemalical modelling is combined 

with contamination data and chain information, using expert information or assumptions to fill in data gaps. 

Different studies have been issued presenting Quantitative Microbial Risk Assessments (QMRA) of fresh 

produce, such as lettuce (Franz et al., 2010; Danyluk and Schaffner, 2011; Ottoson et al., 2011; Pielaat et 

al., 2014; Sant’Ana et al., 2014), and the respective predictive models for growth and death of pathogens 

under different conditions (Kosebi and Isobe, 2005; McKellar and Delaquis, 2008; Zeng et al., 2014).  

The exposure assessment present in this study was performed by use of the work of Delbeke, Jacxsens 

and Uyttendaele (2014). In the mentioned work, a model was developed that can be to simulate prevalence 

of pathogens (Salmonella spp. and VTEC) at retail level, the influence of consumer’s practices such as 

storage and washing on the prevalence of these pathogens, and the frequency and portion consumption of 

butterhead lettuce consumers from Belgium and Spain in the scope of the Veg-i-Trade project. 
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3. METHODOLOGY 

3.1 Fresh Lettuce Sampling  

Fresh lettuces were acquired from different supermarkets, independent shops and open markets in the area 

of Ghent and Bruges, Belgium. In total, 150 samples were tested in this study with 50 samples from each 

mentioned scenario.  Each sample consisted of one lettuce and it was transported to the laboratory after 

purchase and inspected for its physical appearance before the microbial analysis. Furthermore, information 

of date and local of collection, cultivar, brand (label), country of origin, packing and price was recorded for 

the purpose of developing the database used in this study. 

In order to perform the microbial analysis, the samples of lettuce were halved lengthwise and after discarding 

one half and the entirety of the stalk, the leaves were cut again in half lengthwise and into pieces 

approximately 3 cm wide. The cut leaves were placed in a bowl and mixed together to homogenize the 

analyzed samples.  

3.1.1 Enumeration of Hygiene Indicators  

A portion of 10 to 15 g of each sample was aseptically transferred to a stomacher bag. These samples were 

submitted to a 1:10 dilution in sterile Peptone Physiological Salt (PPS) solution of 1 g/L of Neutralized 

Bacteriological Peptone (Oxoid Ltd., Basingstoke, England) and 8.5 g/L of Sodium Chloride (Sigma-Aldrich 

Chemic GmbH, Steinheim, Germany). The dilutions were homogenized for 1 min using a Colworth 400 

Stomacher (Laméris, Deurne, Belgium).  

For the enumeration of coliforms, two serial dilutions were made for each homogenized sample in the same 

PPS solution and inoculated in Violet Red Bile Glucose (VRBG) agar (Oxoid Ltd., Basingstoke, England) by 

use of a pour plate with a second layer of the same agar solution. Typical colonies present a purple pink 

color, with or without the presence of a halo, and they were counted after incubation at 37ºC during 24 h. 

For the enumeration of E. coli, 1 mL from the suspension in the stomacher bag was added to a pour plate 

with Rapid E. coli 2 (REC) agar (Bio-Red, Marnes-La-Coquette, France). Typical colonies present a violet 

to pink color and they were counted after incubation at 44ºC during 24 h. 

3.1.2 Enumeration of Microbial Pathogens 

For the enumeration of Listeria monocytogenes, 1 mL from the suspension in the stomacher bag mentioned 

in section 3.1.1 was divided over three spread plates of Agar Listeria Ottaviani Agosti (ALOA®, Biolife, 

Milan, Italy). Typical colonies present a blue color with the presence of a white halo and they were counted 

after incubation at 37ºC during 48 h. 

For the enumeration of Campylobacter spp., 1 mL from the suspension in the same stomacher bag was 

divided over three spread plates of CampyFood Agar (bioMérieux SA, Marcy l’Etoile, France). Typical 
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colonies present a burgundy-red to orange-red color and they were counted after microaerophilic incubation 

using CampyGen (Oxoid Ltd., Basingstoke, England) at 42ºC during 48 h. 

3.1.3 Detection of Campylobacter spp. 

A portion of 25 g of each fresh lettuce sample was aseptically transferred to a stomacher bag. It was added 

225 mL of Bolton Broth (Oxoid Ltd., Basingstoke, England) to the stomacher bag. The homogenization was 

performed during 1 min with a Colworth 400 Stomacher (Laméris, Deurne, Belgium). The samples were 

placed in a jar and incubated in a microaerophilic environment using CampyGen (Oxoid Ltd., Basingstoke, 

England) during 4 h at 37ºC and then 40 – 48 h at 42ºC.  

The obtained enrichments were used to inoculate CampyFood Agar plates by streaking. Typical colonies 

present a burgundy-red to orange-red color and they were counted after microaerophilic incubation using 

CampyGen (Oxoid Ltd., Basingstoke, England) at 42ºC during 48 h. 

3.1.4 Detection of Salmonella spp. and E. coli O157:H7 

A portion of 25 g of each fresh lettuce sample was aseptically transferred to a filter stomacher bag. It was 

added 225 mL of Buffered Peptone Water (BPW) solution (Oxoid Ltd. Basingstoke, England). The 

homogenization was performed during 1 min with a Colworth 400 Stomacher (Laméris, Deurne, Belgium). 

Samples were incubated during 18 – 24 h at 37ºC.  

From the enriched samples, 50 µL of suspension were added to Extraction Pack Food 1 Lysis Tubes (Pall 

Corporation, Bruz, France). The lysis was performed using a Multi-Blok Heater (Lab-Line Instruments Inc., 

Melrose Park, USA) at 100ºC during 10 min. Samples were centrifuged by use of a MicroCL 17 

Microcentrifuge (Thermo-Scientific, Osterode, Germany) during 2 min at 10 000 g. Additionally, three 

Eppendorf tubes were filled with 1.8 mL of enriched samples stabilized in glycerol to be kept frozen at a 

temperature of -75ºC in case of need of further confirmation of positive results in this analysis. 

Centrifuged lysed samples were submitted to a 1:2 dilution in Dilution Buffer (Pall Corporation, Bruz, 

France). 36 µL of the supernatant of these dilutions were added to the compartments of a GeneDisc® Plate 

STEC & Salmonella spp. 06 (Pall Corporation, Bruz, France) together with 36 µL of Mastermix 21013SR003 

(Pall Corporation, Bruz France). After the execution of a vacuum step, 4 drops of mineral oil were added to 

each compartment and the vacuum step was repeated. To proceed with the analysis, the plates were placed 

in the GeneDisc® Cycler, which performs a qPCR assay in order to detect the presence of the mentioned 

microorganisms and records the results. This detection is performed through a simultaneous detection of 

genes encoding Shiga toxins 1 and 2 (stx1 and stx2), intimin (eae), the E. coli O157:H7 antigen (rfbE), and 

Salmonella spp.-specific genes. Results are considered automatically positive in the GeneDic® Cycler for 

amplifications corresponding to a cycle threshold inferior to 40 (Ct < 40).  
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3.1.5 Confirmation of Presence of Salmonella spp.  

Samples which presented a positive result in the GeneDisc® analysis were submitted to a confirmation 

procedure through a classic detection method. Resuscitation of the cells after storage in the freezer was 

executed through an enrichment in the same BPW solution mentioned before. After an incubation period of 

18 h, the samples were submitted to a selective enrichment by inoculation in screw-capped tubes with 10 

mL of two different media: Rappaport-Vassiliadis Soya Peptone (RVS) Broth (Oxoid Ltd., Basingstoke, 

England) and Muller-Kauffmann Tetrathionate-Novobiocin (MKTTn) Broth (Oxoid Ltd., Basingstoke, 

England), inoculated with 0.1 mL and 1 mL of the BPW enrichment respectively. The first enrichment was 

incubated at a temperature of 41.5ºC while the latter at 37ºC, both during 24 h.  

The selective enrichments were used to inoculate Xylose-Lysine-Desoxycholate (XLD) agar plates (Oxoid 

Ltd., Basingstoke, England) in order to isolate colonies of Salmonella spp. by regrowing them in a nutrient 

agar. Typical Salmonella colonies in XLD agar present a black color and they were identified after incubation 

at 37ºC during 24 h.  

Confirmation of positive samples for Salmonella spp. was achieved by use of the BBL Crystal™ 

Enteric/Nonfermenter Identification System (Becton, Dickinson and Company, Sparks, USA). This ID kit 

contains 30 reaction wells for the execution of tests for fermentation, oxidation, degradation and hydrolysis 

of different substrates. Test inoculum was prepared with the inoculum fluid and used to fill the reactions 

wells. The incubation was performed at a temperature of 37ºC during 24 h and after the kits were observed 

for identification of color changes. Results were recorded and converted into a ten digit profile number that 

was used to compare with the BBL Crystal E/NF ID database and thus identify the bacteria present in the 

analyzed samples.  

3.1.6 Analysis of the Results 

The results obtained from laboratorial work are presented in detail in Appendices 1 to 3 and they were 

analyzed using the software IBM SPSS Statistics 22. To establish comparisons between different groups it 

was used a GLM Univariate Analysis procedure with the Bonferroni post hoc range test and multiple 

comparisons and the test of normality was executed using the Kolmogorov-Smirnov testing. All the analysis 

in this work were performed considering the traditional significance level of 0.05.  

3.2 Analysis of the Survey Data 

The original database contained 1 967 respondents in Belgium and 830 in Spain originated through a survey 

that was conducted from November 2010 until October 2011. To select the age group of 18 to 65, 15 

individuals in Belgium and 23 in Spain were not considered due to lack of information about age. 69 

individuals in Belgium and 21 in Spain were not considered because they did not belong to this age group. 

This first selection led to a total number of 1 883 respondents in Belgium and 786 in Spain.  
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For the Analysis of Food Consumption, 278 individuals in Belgium and 203 in Spain were not considered 

because they did not answer any question of this section of the survey, leading to a total number of 1 605 

respondents in Belgium and 583 in Spain who answered at least one question of the referred section. For 

the same reason, 234 individuals in Belgium and 167 in Spain were not considered for the Analysis of Food 

Preservation Time Practices with a total of respondents of 1 649 in Belgium and 619 in Spain. In the Analysis 

of Food Preservation Method, Peeling and Washing Practices, 258 respondents in Belgium and 175 in 

Spain were not considered leading to total number of respondents of 1 625 in Belgium and 610 in Spain.  

To perform the analysis of the acquired data it was used the application Excel 2013 available in the 

productivity suite Microsoft Office Professional Plus 2013. For each question of the survey, the respondents 

were divided in consumers, non-consumers and blank answers. Relative frequencies of different answers 

were calculated using the total number of consumer respondents for each item.  

This analysis was performed using the data gathered from Belgium and Spain for all the fruits and 

vegetables covered by the survey: fresh lettuce, fresh herbs, strawberries, berries, grapes, apples, 

tomatoes, bell peppers, precut and packed lettuce, packed vegetable mixes, juices and smoothies, and fruit 

mixes. Nevertheless, in the scope of this work, only the data gathered for fresh lettuce will be presented as 

results.  

3.3 Exposure Assessment 

As it was mentioned in the Literature Review (Section 2.3.4), the exposure assessment presented in this 

work was performed by use of the work of Delbeke, Jacxsens and Uyttendaele (2014). This models contains 

the prevalence of Salmonella spp. and VTEC at retail level and the influence of consumer behavior (storing 

and washing) together with consumption data. The model does not contemplate transport, for being of short 

duration, or the effect of drying after washing lettuce due to its low significance in the reduction of the 

presence of pathogens.  

The prevalence of pathogens was acquired during the execution of this work and the final data, after 

confirmation through culture methods, was inserted in the model using @Risk through a β-distribution: 

𝑃𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 = 𝑅𝑖𝑠𝑘𝐵𝑒𝑡𝑎((𝑝 + 1); (𝑛 − 𝑝 − 1)) 

with n representing the total number of samples and p representing the number of positive samples for the 

presence of Salmonella spp. or VTEC, respectively.  

For the building up of the model, an initial concentration at retail level was considered. This value was 

calculated through a Pert distribution in @Risk considering a minimum value of 1 CFU/10 g, a maximum of 

100 CFU/g and a most likely value of 5 CFU/g. The mentioned values were determined by expert discussion. 

The survival of these pathogens in butterhead lettuce was determined by the authors of the model through 

lab experiments for the temperatures of 7ºC, 15ºC and 22ºC corresponding to the situations of storage in 

(1) 
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the fridge, in the basement or at room temperature, respectively. The storage procedures from consumers 

were inserted as a probability in the model while storage time was described using a cumulative distribution 

(data analysis performed as described in Section 3.2).  

The reduction by washing was retrieved from literature to be inserted in the model through a Triang 

distribution created in @Risk by the authors, featuring the different scenarios of washing by rinsing, 

immersion or a combination of both. The washing procedures from consumers were inserted as a probability 

function in the model, based on the data obtained of the consumer behavior survey, as explained in 3.2. 

The consumption data was retrieved from the survey described in this work (3.2), considering only the age 

group of 18 to 65 years old. The results of this analysis were inserted in the model using discrete functions 

to portray the distribution of number of portions consumed in a year and of the portion size.  

In the scope of this work, only Belgian data was considered for the exposure assessment although the 

model also included Spanish data. With this data, the model was simulated with 100 000 iterations in @Risk 

in order to achieve the results presented in this work. 
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4. RESULTS 

This chapter contains the results gathered during this study. In a first part, data acquired from laboratorial 

work is provided, followed by the analysis of the survey previously performed, and finally the exposure 

assessment is presented. 

4.1 Fresh Lettuce Sampling 

Samples of fresh lettuce were gathered from the three different scenarios of place of purchase in the scope 

of this work: supermarkets, independent shops and farmers’ markets. This activity was conditioned by the 

availability of lettuce in the different retailers and a characterization of this samples is presented in the 

following pages before the results of prevalence of hygiene indicators and pathogens. It is the purpose of 

the analysis of these results to evaluate if any relation can be established between the different 

characteristics of the samples and their hygiene and safety state.  

4.1.1 Characterization of the Samples 

The different lettuce cultivars gathered in this work are presented in Table 1 together with the respective 

quantities. Establishments in Belgium present a wide variety of lettuce cultivars available and 9 different 

cultivars were found. Butterhead lettuce was the most commonly accessible with an emphasis on farmers’ 

markets where some stands would only have this cultivar of lettuce for sale. Then, oakleaf lettuce, both 

green and red, was the second most common followed by the cultivars Lollo Bionda and Lollo Rossa. 

Romaine lettuce was more difficult to obtain due to its scarcity and Mini Romaine was only available in 

supermarkets (Colruyt), imported from Spain. Some stores present a product that consists of three crops of 

different cultivars of lettuce sold together with soil and these were also considered in this work in order to 

see if there would be any effect of this strategy on the hygiene of the product. Batavia lettuce was the rarest 

cultivar available and only two crops were found during the sampling period in a biological farmers’ market. 

Table 1 – Overview of cultivars of the lettuce samples gathered in the three different scenarios of place of purchase. 

Cultivar 
Supermarkets 

(n = 50) 
Independent Stores 

(n = 50) 
Farmers’ Markets 

(n = 50) 

Butterhead 11 (22%) 13 (26%) 14 (28%) 

Green Batavia 0 (0%) 0 (0%) 2 (4%) 

Green Oakleaf 8 (16%) 5 (10%) 8 (16%) 

Lollo Bionda 7 (14%) 11 (22%) 6 (12%) 

Lollo Rossa 2 (4%) 8 (16%) 7 (14%) 

Mini Romaine 3 (6%) 0 (0%) 0 (0%) 

Multicolor Trio 6 (12%) 2 (4%) 0 (0%) 

Red Oakleaf 7 (14%) 7 (14%) 10 (20%) 

Romaine 6 (12%) 4 (8%) 3 (6%) 
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Different brands were available in these establishments as it is presented in Table 2. Flandria was the most 

common brand found in any of the three scenarios and some other labels could also be found but with less 

frequency. A clear difference stands out regarding the frequency of products that presented no label: very 

common in farmers’ markets, half of the samples retrieved from independent stores and distinctly 

uncommon in supermarkets.  

Table 2 - Overview of brands of the lettuce samples gathered in the three different scenarios of place of purchase. 

Brand 
Supermarkets  

(n = 50) 
Independent Stores  

(n = 50) 
Farmers’ Markets  

(n = 50) 

BEHR Gemüsegarten 0 (0%) 1 (2%) 0 (0%) 

Deilor 5 (10%) 0 (0%) 0 (0%) 

Delhaize 2 (4%) 0 (0%) 0 (0%) 

Delhaize Bio 2 (4%) 0 (0%) 0 (0%) 

Flandria 33 (66%) 24 (48%) 3 (6%) 

Lucas 1 (2%) 0 (0%) 0 (0%) 

Taste of Inspirations 3 (6%) 0 (0%) 0 (0%) 

No label 4 (8%) 25 (50%) 47 (94%) 

  

The place of origin of the samples gathered also reveals some differences as it is presented in Table 3. In 

all the scenarios considered, the majority of the samples were cultivated in Belgium but a few were from 

France or Spain, with a higher frequency of the latter. Comparing the three cases, supermarkets are the 

establishments that display the highest number of imported products, followed by independent stores, while 

in farmer’s markets all lettuce crops were produced in Belgium.  

An interesting remark is concerning the lack of identification of place of origin. Independent stores and 

especially farmers’ markets generally presented less information on the products than supermarkets. 

Nevertheless, these establishments allow for an easy communication with the seller and missing information 

could still be retrieved through this channel.  

Table 3 - Overview of country of origin of the lettuce samples gathered in the three different scenarios of place of 
purchase. 

Origin 
Supermarkets  

(n = 50) 
Independent Stores  

(n = 50) 
Farmers’ Markets  

(n = 50) 

Belgium 37 (74%) 48 (96%) 50 (100%) 

France 2 (4%) 0 (0%) 0 (0%) 

Spain 9 (18%) 1 (2%) 0 (0%) 

Not identified 2 (4%) 1 (2%) 0 (0%) 
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Different packaging strategies are adopted in the selling of lettuce as it is shown in Table 4. Farmers’ 

markets almost entirely had their products displayed in open plastic boxes so customers have the 

opportunity to evaluate physically the quality of the vegetables and pick them personally. In independent 

stores this strategy is followed evenly together with display in open plastic bags that protects lettuce from 

contaminations of the surroundings. In the case of supermarkets, different strategies were found but open 

plastic bags are the most followed, followed by closed plastic bags and open plastic boxes while closed 

plastic boxes were more difficult to find (closed plastic boxes differ from closed plastic bags by consisting 

on a Styrofoam box containing the lettuce crop in it with a plastic cover). 

Table 4 - Overview of strategy of packaging presented by the lettuce samples gathered in the three different scenarios 
of place of purchase. 

Packaging 
Supermarkets  

(n = 50) 
Independent Stores  

(n = 50) 
Farmers’ Markets  

(n = 50) 

Closed plastic bag 10 (20%) 1 (2%) 0 (0%) 

Closed plastic box 3 (6%) 0 (0%) 0 (0%) 

Open plastic bag 30 (60%) 25 (50%) 1 (2%) 

Open plastic box 7 (14%) 24 (48%) 49 (98%) 

 

In the analysis of the gathered samples, unit price of lettuce crops was recorded and it is represented in 

Table 5 in terms of minimum, maximum, average and standard deviation. It is noticeable that independent 

stores presented generally the lowest cost, which opposes what was stated in the literature review. 

Supermarkets come in second place and farmers’ markets present the higher average price. This is mainly 

due to the fact that 17 of the 50 samples from farmers’ markets were acquired in stands specialized in 

biological products which usually present a considerably higher price. 

Table 5 - Overview of price of the lettuce samples gathered in the three different scenarios of place of purchase. 

 
Supermarkets  

(n = 50) 
Independent Stores  

(n = 50) 
Farmers’ Markets  

(n = 50) 

Minimum 0.69€ 0.50€ 0.80€ 

Maximum 2.29€ 1.80€ 2.80€ 

Average 1.19€ 0.89€ 1.27€ 

Standard deviation 0.39€ 0.21€ 0.42€ 

 

Some establishments resort to cold storage in order to preserve their fruits and vegetables while others rely 

on a display at room temperature. In Table 6 it is shown how the gathered samples were displayed in the 

moment of purchase. Only one of the three visited supermarkets had a separate cold storage room for fresh 

produces while three of the seven visited independent stores had these facilities. In the case of farmers’ 

markets, none of the samples was kept in cold storage due to the outdoors placement of these 

establishments.  
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Table 6 – Overview of the chosen storage mode of the lettuce samples gathered in the three different scenarios of place 
of purchase. 

 
Supermarkets  

(n = 50) 
Independent Stores  

(n = 50) 
Farmers’ Markets  

(n = 50) 

Cold storage 31 (62%) 6 (12%) 0 (0%) 

Room temperature 19 (38%) 44 (88%) 50 (100%) 

 

The general appearance of the samples of fresh lettuce was recorded and four aspects were considered in 

this visual analysis: if the lettuce leaves were dirty with soil, if the crops were sold still with soil and not cut 

by the root and if the leaves presented rotten edges or bruises. As it is presented in Table 7, the results 

presented a noticeable disparity. Supermarkets presented the higher number of samples that were dirty with 

soil followed by independent stores and lastly farmers’ markets. Since the distribution of samples that were 

sold with soil followed the same pattern, this is possibly related in some extent to the fact that these samples 

can suffer soil contamination in any point of the supply chain if they are sold through this strategy. Regarding 

the presence of rotten edges, independent stores revealed to be the scenario where this situation was the 

most common while the other two presented exactly the same number of samples with this trait. Bruises 

were more common in lettuce crops acquired from farmers’ markets whereas the rest revealed a similar 

number of damaged samples. 

Table 7 - Overview of the appearance presented by the lettuce samples gathered in the three different scenarios of 
place of purchase. 

 
Supermarkets  

(n = 50) 
Independent Stores  

(n = 50) 
Farmers’ Markets  

(n = 50) 

Dirty with soil 24 (48%) 16 (32%) 7 (14%) 

Sold with soil 29 (58%) 25 (50%) 2 (4%) 

Rotten edges 8 (16%) 16 (32%) 8 (16%) 

Bruises 8 (16%) 9 (18%) 14 (28%) 

 

4.1.2 Enumeration of Hygiene Indicators  

As it was mentioned before, the collection of samples was limited to the availability of lettuce in 

establishments of the three different scenarios in the scope of this work. During the initial phase of this work 

(from February to April), due to the climacteric conditions of Belgium and the outdoors location of farmers’ 

markets, samples were only acquired from supermarkets and independent stores since farmers’ markets 

were scarce and with low availability of lettuce. For this reason, the majority of lettuce samples from farmers’ 

markets were retrieved in the month of May of 2014.  

An overview of the results obtained in the enumeration of microbial hygiene indicators is presented in Table 

8. Total Coliforms (TC) were found in the majority of samples, with only 5 samples (approximately 3% of the 

total number of gathered samples) that presented a concentration below the limit of detection (LOD = 10 

CFU/g). Regarding the case of enumeration of E. coli, these could only be counted in 10 samples retrieved 
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during the month of May and 9 of these were collected in farmers’ markets. For this reason, while coliforms 

were submitted to further analysis that are presented in this section, the number of positive samples for E. 

coli was not enough to establish relations between different groups of characteristics and therefore this 

exercise was not considered in this work. Nevertheless, details of these results are presented in Table 9. 

Table 8 – Determination of the prevalence of indicators of hygiene in the lettuce samples gathered in the three different 
scenarios of place of purchase. 

 
Supermarkets 

(n = 50) 
Independent Stores 

(n = 50) 
Farmers’ Markets 

(n = 50) 

T
o

ta
l 
C

o
lif

o
rm

s
 

< 10 CFU/g 4 (8%) 0 (0%) 1 (2%) 

≥ 10 CFU/g 46 (92%) 50 (100%) 49 (98%) 

Concentration (CFU/g) 

    Minimum 

    Maximum 

    Median 

 

10 

72 000 

830 

 

20 

76 000 

865 

 

10 

580 000 

5 500 

E
s
c
h
e

ri
c
h

ia
 c

o
li 

< 10 CFU/g 50 (100%) 49 (98%) 41 (82%) 

≥ 10 CFU/g 0 (0%) 1 (2%) 9 (18%) 

Concentration (CFU/g) 

    Minimum 

    Maximum 

    Median 

 

- 

- 

- 

 

30 

30 

30 

 

10 

430 

20 

 

The results for the enumeration of coliforms in each sample of the different scenarios together with indication 

of the date of purchase are represented in Figure 2. This representation suggests the existence of an 

increase of the number of coliforms along the sampling period. 

 

Figure 2 – Concentration of total coliforms, in log CFU/g, in the fresh lettuce samples gathered according to the date of 
purchase expressed in the weeks of the year 2014. Samples gathered from supermarkets are represented by circles, 
from independent stores by crosses and from farmers’ markets by triangles. Different letters indicate statistical 
differences between groups of samples.
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Table 9 – Overview of the characteristics of the fresh lettuce samples with positive results for the presence of the hygiene indicator E. coli. 

Sample ID Week Retailer Cultivar Packaging 
Dirty  

with soil 
Sold in 

soil 
Rotten 
edges 

Bruises 
Concentration 

(CFU/g) 

100 21 Independent Shop Lollo Bionda Open plastic box No No Yes No 30 

124 19 Farmers’ Market Romaine Open plastic box No No No No 20 

135 20 Farmers’ Market Green Oakleaf Open plastic box No No No No 30 

136 20 Farmers’ Market Red Oakleaf Open plastic box No No No No 20 

138 20 Farmers’ Market Red Oakleaf Open plastic box No No No No 10 

139 20 Farmers’ Market Lollo Bionda Open plastic box No No No No 20 

141 20 Farmers’ Market Butterhead Open plastic box No No No No 430 

144 21 Farmers’ Market Lollo Bionda Open plastic box No No No Yes 10 

149 21 Farmers’ Market Lollo Rossa Open plastic box No No No No 20 

150 21 Farmers’ Market Lollo Bionda Open plastic box No No No No 260 

 

2
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When applied a Kolmogorov-Smirnov test of normality to the distribution of coliforms, it was determined that 

this distribution is normal (p-value = 0.200) with a mean of 3.03 log (CFU/g) and a standard deviation of 

1.09 log (CFU/g). The histogram presented in Figure 3 portrays this distribution.  

 
 
 

Figure 3 – Distribution of the concentration of total coliforms (in log CFU/g) of the gathered samples of fresh lettuce.  

 

Regarding the distribution of coliforms in relation to the sampling period, an ANOVA test of homogeneity of 

variables, using SPSS Statistics 22, indicates that means for each week present a significant difference (p-

value = 0.709). The different sampling weeks were grouped according to similarity as it is represented in 

the axis of Figure 2.  

In a comparison between the different considered scenarios of place of purchase, also represented in Figure 

2, again a significant difference could be found between these groups (p-value < 0.001). Supermarkets and 

independent stores can be grouped together but concentrations of TC in farmers’ markets display a 

distinctness towards the other scenarios. These groups are represented in the boxplot generated in SPSS, 

presented in Figure 4, in order to evidence the distinction between the different scenarios in analysis. An 

examination of this figure demonstrates that samples retrieved from farmers’ markets present generally a 

higher concentration of coliforms. 
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Figure 4 – Boxplot of concentration of total coliforms in the different scenarios of places of purchase with representation 
of the five statistics: first and third quartile are represented by the rectangular boxes (middle half of the samples), median 
corresponds to the inner bar, minimum and maximum are represented by the outer bars, and outliers are represented 
by the open circles (defined as points that are above two box lengths from the third quartile). Different letters indicate 
statistical differences between groups of samples. 

 

In another analysis, samples that were dirty with residues of soil in the moment of purchase at retail level 

are highlighted in Figure 5. Statistical tests indicate that these samples do not present a significant difference 

in the mean value of concentration of total coliforms comparing to the samples that presented a clean 

appearance (p-value = 0.833). On the other hand, lettuce samples that were sold still in soil, without cutting 

the root, are indicated in Figure 6 in order to test for the possibility of this selling strategy having an influence 

in the concentration of TC. After performing a test for this hypothesis, it can be concluded that gathered 

samples in like manner did not present a significant difference in concentration of coliforms if they were sold 

with soil or not (p-value = 0.957). 

a                                           b                                           b  

bb 
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Figure 5 – Comparison of concentration of total coliforms, in log CFU/g, in samples that presented a clean appearance 
and samples that were dirty with soil residues expressed according to the weeks of the year 2014. Samples with a clean 
appearance are represented by circles while samples that were dirty with soil are represented by crosses.  

 

 

Figure 6 – Comparison of concentration of total coliforms, in log CFU/g, in samples that were sold with soil or not 
expressed according to the weeks of the year 2014. Samples sold without soil are represented by circles while samples 
that were sold with soil are represented by crosses. 

 

Another aspect of the appearance of lettuce samples taken into analysis in this work was the fact that 

several lettuce samples presented rotten edges when they were retrieved from retailers, as it is presented 

in Figure 7. Moreover, the effect of presence of bruises in lettuce leaves was also assessed and thus 

samples that were damaged in this way are represented in Figure 8. In both cases, presence of rotten edges 

or bruises did not show to have an influence in the concentration of coliforms determined for these samples 

(p-value = 0.566 and p-value = 0.287, respectively). 
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Figure 7 – Comparison of concentration of total coliforms, in log CFU/g, in samples that presented rotten edges or not 
expressed according to the weeks of the year 2014. Samples that did not have rotten edges are represented by circles 
while samples that presented rotten edges are represented by crosses. 

 

 

Figure 8 – Comparison of concentration of total coliforms, in log CFU/g, in samples that presented bruises or not 
expressed according to the weeks of the year 2014. Samples that did not have bruises are represented by circles while 
samples that presented bruises are represented by crosses. 

 

Concentration of TC expressed in terms of packaging strategy is represented in Figure 9. An analysis of 

these results demonstrates that there is a very strong presumption of these strategies having a significant 

difference among them in what concerns the concentration of coliforms (p-value < 0.001).   

By applying a procedure of multiple comparisons, packaging by use of open plastic bags or by display in 

open plastic boxes can be grouped together, while closed plastic bags and closed plastic boxes consist in  
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Figure 9 – Comparison of concentration of total coliforms, in log CFU/g, according to the different packing strategies 
expressed according to the weeks of the year 2014. Samples that were sold in a closed plastic bag are represented by 
circles, in a closed plastic box by crosses, in an open plastic bag by triangles and in open plastic boxes by dashes. 

 
Figure 10 – Boxplot of concentration of total coliforms according to the different packaging strategies adopted in the 
selling of fresh lettuce with representation of the five statistics: first and third quartile are represented by the rectangular 
boxes (middle half of the samples), median corresponds to the inner bar, minimum and maximum are represented by 
the outer bars, and outliers are represented by the open circles (defined as points that are below or above two box 
lengths from the first or the third quartile, respectively). Different letters indicate statistical differences between groups 
of samples.  
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two distinct groups in terms of concentration of coliforms. The boxplot represented in Figure 10 illustrates 

the relation between these groups of samples. Samples that were sold in closed plastic bags generally 

presented a lower concentration of coliforms in opposition to open plastic bags or open boxes. The case of 

closed plastic boxes is more difficult to evaluate due to the low number of retrieved samples (n = 3). This 

group represents a population with a strong lack of symmetry that presents a similar median to the group of 

open plastic bags or open plastic boxes, although this value also approximately corresponds to the 

maximum value obtained for concentration of coliforms in lettuce sold in closed plastic boxes.  

Finally, in Figure 11 it is represented the concentration of coliforms in lettuce samples in terms of adopted 

strategy of display to customers in retail establishments, meaning if they were kept in cold storage or at 

room temperature. In the analysis of this situation, it was found a significant difference between these two 

groups (p-value = 0.017).  

 

Figure 11 – Comparison of concentration of total coliforms, in log CFU/g, of samples that were sold at room temperature 
or using cold storage expressed according to the weeks of the year 2014. Samples that were sold at room temperature 
are represented by circles while samples that were sold in cold storage are represented by crosses. 
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Figure 12 - Boxplot of concentration of total coliforms according to the different storage procedures adopted in the selling 
of fresh lettuce with representation of the five statistics: first and third quartile are represented by the rectangular boxes 
(middle half of the samples), median corresponds to the inner bar, minimum and maximum are represented by the outer 
bars).  

 

The boxplot represented in Figure 12 portrays the difference between acquired samples that were kept in 

cold storage or at room temperature. It is noticeable through this analysis that the group of samples retrieved 

from cold storage display in general a slightly lower median concentration of coliforms.  

4.1.3 Prevalence of Microbial Pathogens 

In parallel with the enumeration of hygiene indicators, in the scope of this work it was performed an analysis 

of prevalence of common microbial pathogens in fresh produce: Campylobacter spp., Listeria 

monocytogenes, Salmonella spp., and E. coli O157:H7 (VTEC). The results of this study can be found in 

Table 10. The performed tests for detection of Campylobacter, Salmonella and VTEC revealed that the 

prevalence of these pathogens was below the limit of detection in the entirety of the samples retrieved. 

Nevertheless, Listeria monocytogenes was found in three samples in a concentration of 10 CFU/g with one 

sample retrieved from a supermarket and two from independent shops.  
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Table 10 – Determination of the prevalence of pathogens in the lettuce samples gathered in the three different scenarios 
of place of purchase. 

 
Supermarkets  

(n = 50) 
Independent Shops  

(n = 50) 
Farmers’ Markets  

(n = 50) 

Campylobacter spp. 0 (0%) 0 (0%) 0 (0%) 

Listeria monocytogenes 1 1 (2%) 2 (4%) 0 (0%) 

Salmonella spp. 2 0 (0%) 0 (0%) 0 (0%) 

E. coli O157:H7 3 0 (0%) 0 (0%) 0 (0%) 

 

The characteristics of the positive samples for the presence of Listeria monocytogenes are evidenced in 

Table 11. An analysis of this result does not support the establishment of a pattern between these samples, 

mostly due to the reduced size of the population. Appearance was generally clean in these samples with 

the exception of one that presented bruises on the leaves and none of them was kept in cold storage. 

However, although these samples were acquired in two different places (samples 80 and 84 were acquired 

in the same independent shop), the date of purchase is relatively close (7 days apart).  

Table 11 – Overview of the characteristics of the fresh lettuce samples with positive test results for the presence of 
Listeria monocytogenes. 

Sample ID 36 80 84 

Week 13 14 14 

Retailer Supermarket Independent Shop Independent Shop 

Cultivar Butterhead Red Oakleaf Butterhead 

Packaging Closed plastic bag Open plastic box Open plastic box 

Cold Storage No No No 

Dirty with soil No No No 

Sold in soil No No No 

Rotten edges No No No 

Bruises Yes No No 

Concentration (CFU/g) 10 10 10 

 

 

 

                                                      
1 Analysis of prevalence of Listeria monocytogenes was executed through a technique of plate counting (LOD = 10 
CFU/g). 
2 Analysis of prevalence of Salmonella spp. was executed through a technique of qPCR detection. 
3 Analysis of prevalence of E. coli O157:H7 was executed through a technique of qPCR detection. 
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4.2 Analysis of the Survey Data 

In a first approach, the results obtained through the survey were targeted for the age group of 18 to 65 years 

old. This procedure created a population of 1 722 and 714 respondents in Belgium and Spain, respectively, 

and it is represented in Table 12. A characterization of these populations revealed that in both cases there 

was a higher number of female respondents. Regarding occupation, the majority of the respondents were 

workers, followed by students and people who currently are unemployed or stay-at-home parents 

(categorized by the expression “at home” in this analysis).  

Table 12 – Composition of men and women from the age group of 18 to 65 years old in function of occupation responding 
the survey in Belgium and Spain before data cleaning. 

Country Occupation 
Men Women Total 

Number Percentage Number Percentage Number Percentage 

Belgium 

Student 123 7,2% 373 21,6% 496 28,8% 

Worker 288 16,7% 708 41,1% 996 57,8% 

At Home 34 2,0% 101 5,9% 135 7,9% 

Other 24 1,4% 71 4,1% 95 5,5% 

Total 469 27,3% 1 253 72,7% 1 722 100,0% 

Spain 

Student 39 5,5% 36 5,0% 75 10,5% 

Worker 209 29,3% 357 50,0% 566 79,3% 

At Home 20 2,8% 53 7,4% 73 10,2% 

Total 268 37,5% 446 62,5% 714 100,0% 

           

In the age group of 18 to 65 years old, it was retrieved data regarding frequency and portion consumption 

of different fruits and vegetables. Lettuce consumption habits are presented in Table 13 and the results for 

Belgium were used in the following microbial exposure assessment (Section 4.3). In this analysis, 

respondents who did not answered any question of this section were not considered in the total population.  

An examination of the retrieved results leads to the conclusion that consumption patterns of fresh lettuce in 

Belgium and Spain present several differences. Spanish respondents manifest a slightly higher number of 

consumers with 95% of the respondents claiming that they consume this vegetable while in Belgium only 3 

in 4 people consume it. Furthermore, Belgian consumers revealed a stronger tendency of buying lettuce in 

a seasonal way (45% of the respondents against 8% in Spain). Regarding the frequency of consumption, 

Spanish consumers eat more regularly lettuce with the majority reporting the consumption of lettuce several 

times a week or daily. On the other hand, consumption in Belgium is more commonly done in a weekly 

basis, followed by a frequency of several times a week and once in a month. Finally, portion consumption 

is more similar comparing both countries with smaller portions being more commonly consumed.  
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Table 13 - Frequency and portion consumption by seasonal and non-seasonal consumers of fresh lettuce in Belgium 
and Spain.             

Consumption of Fresh Lettuce 

Belgium (n = 1605) Spain  (n = 583) 

Seasonal 
543 (45%) 

Non Seasonal 
663 (55%) 

Seasonal 
42 (8%) 

Non Seasonal 
510 (92%) 

Few times a 
year 

(6/365) 

Handful of lettuce (43,10 g) 24 (4%) 34 (5%) 2 (5%) 7 (2%) 

Half of a lettuce (195,85 g) 3 (1%) 5 (1%) 0 (0%) 1 (0%) 

¾ of a lettuce (293,80 g) 0 (0%) 1 (0%) 0 (0%) 0 (0%) 

Whole lettuce (391,70 g) 0 (0%) 0 (0%) 1 (2%) 0 (0%) 

Total 27 (5%) 40 (6%) 3 (7%) 8 (2%) 

Monthly 
(12/365) 

Handful of lettuce (43,10 g) 53 (10%) 137 (21%) 2 (5%) 13 (3%) 

Half of a lettuce (195,85 g) 10 (2%) 31 (5%) 0 (0%) 1 (0%) 

¾ of a lettuce (293,80 g) 0 (0%) 5 (1%) 0 (0%) 2 (0%) 

Whole lettuce (391,70 g) 0 (0%) 2 (0%) 0 (0%) 1 (0%) 

Total 63 (12%) 175 (27%) 2 (5%) 17 (3%) 

Weekly 
(52/365) 

Handful of lettuce (43,10 g) 232 (43%) 211 (32%) 7 (17%) 42 (8%) 

Half of a lettuce (195,85 g) 51 (9%) 65 (10%) 1 (2%) 8 (2%) 

¾ of a lettuce (293,80 g) 8 (1%) 10 (1%) 0 (0%) 4 (0%) 

Whole lettuce (391,70 g) 4 (1%) 1 (0%) 2 (5%) 7 (2%) 

Total 295 (54%) 287 (43%) 10 (24%) 61 (12%) 

Several 
times a 
week 
(3/7) 

Handful of lettuce (43,10 g) 90 (16%) 88 (13%) 10 (24%) 157 (31%) 

Half of a lettuce (195,85 g) 26 (5%) 37 (6%) 4 (10%) 69 (13%) 

¾ of a lettuce (293,80 g) 8 (1%) 7 (1%) 3 (7%) 21 (4%) 

Whole lettuce (391,70 g) 3 (1%) 1 (0%) 1 (2%) 15 (3%) 

Total 127 (23%) 133 (20%) 18 (43%) 262 (51%) 

Daily 
(365/365) 

Handful of lettuce (43,10 g) 24 (5%) 16 (3%) 2 (5%) 81 (16%) 

Half of a lettuce (195,85 g) 7 (1%) 8 (1%) 4 (10%) 41 (8%) 

¾ of a lettuce (293,80 g) 0 (0%) 1 (0%) 1 (2%) 9 (2%) 

Whole lettuce (391,70 g) 0 (0%) 1 (0%) 1 (2%) 12 (2%) 

Total 31 (6%) 26 (4%) 8 (19%) 143 (28%) 

Several 
times a day 
(1095/365) 

Handful of lettuce (43,10 g) 0 (0%) 1 (0%) 0 (0%) 11 (2%) 

Half of a lettuce (195,85 g) 0 (0%) 1 (0%) 1 (2%) 6 (2%) 

¾ of a lettuce (293,80 g) 0 (0%) 0 (0%) 0 (0%) 1 (0%) 

Whole lettuce (391,70 g) 0 (0%) 0 (0%) 0 (0%) 1 (0%) 

Total 0 (0%) 2 (0%) 1 (2%) 19 (4%) 

Consumers 1206 (75%) 552 (95%) 

Non consumers 43 (3%) 5 (1%) 

Not answered 356 (22%) 26 (4%) 
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Respondents were also enquired about their behaviors in the moment of purchase. In Figure 13 it is 

represented the adopted procedures towards expiration date on the packaging, in case there is one. In 

Belgium and Spain, the majority of the respondents declared that they do not buy a product if expiration 

date is passed while only a small minority does not buy the product if it is approaching this date. Then, a 

considerable portion in both countries buys the product if expiration date is passed but consumes it 

immediately. A significant percentage of the respondents (7% in Belgium and 6% in Spain) answered that 

they do not have the habit of paying attention to expiration dates in the moment of purchase of food products. 

 

Figure 13 – Indication of attention paid to the expiration date of packed vegetables and fruits by the respondents of the 
survey in Belgium (n = 1 722) and Spain (n = 714). The dotted area represents respondents that do not buy the product 
if expiration date is passed, horizontal stripes represent respondents that do not buy the product if it is approaching 
expiration date, vertical stripes represent respondents that buy the product if expiration date is passed but consume it 
directly and diagonal stripes represent respondents that indicated not paying attention to expiration date. 

 

Regarding the condition of packaging, consumers’ behavior in the moment of purchase is represented in 

Figure 14. Belgian and Spanish consumers manifested a similar behavior towards this situation. 

Approximately 9 in 10 people do not buy a product if the packaging is damaged and only a small minority 

reported buying food products with a flawed packaging. Nevertheless, a considerable portion of the 

respondents (approximately 10%) in both countries does not pay attention to the condition of the packaging 

in the moment of purchase of food products.  
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Figure 14 – Indication of attention paid to the condition of the packaging of packed vegetables and fruits by the 
respondents of the survey in Belgium (n = 1 722) and Spain (n = 714). The dotted area represents respondents that do 
not buy the product if packaging is damaged, horizontal lines represent respondents that buy the product even if 
packaging is damaged and vertical lines represent respondents that do not check if packaging is damaged. 

 

Storage procedures were also evaluated in this work concerning different characteristics as duration of 

storage, place of storage and temperature of the refrigerator. In Figure 15, the retrieved data relative to the 

duration of storage of fresh lettuce in the household, after being bought and before being consumed, is 

represented. It is noticeable that these results present a significant difference between the two countries in 

scope. The majority of respondents in Belgium consumes lettuce after storing it for 1 to 3 days whereas in 

Spain this practice is equally divided with consumption after 4 to 7 days of storage. In general, in comparison 

with Belgian respondents, Spanish respondents store fresh lettuce in longer periods of time before 

consuming it. 

Regarding place of storage, the results are illustrated in Figure 16. Respondents in Belgium and Spain 

revealed similar patterns with a vast majority using the refrigerator as the place to store fresh lettuce before 

consumption. Nevertheless, it was registered a higher frequency in Belgium of consumers that store this 

vegetable in the basement or at room temperature.  

The temperature of the refrigerator was also assessed in the survey and the results are represented in 

Figure 17. Respondents in both countries present once again a similar distribution of behaviors with a 

substantial majority reporting a temperature between 4 to 7ºC. However, there is a slightly higher percentage 

in Belgium of people that do not control the temperature of the refrigerator used in their households.  
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Figure 15 – Indication of conditions of preservation after purchase (duration of storage) of fresh lettuce by the 
respondents of the survey in Belgium (n = 1 649), on the left, and Spain (n = 619), on the right. The dotted area 
represents respondents who consume fresh lettuce the same day they buy it, horizontal stripes represent respondents 
who store it for 1 to 3 days after the purchase, vertical stripes represent storing for 4 to 7 days after the purchase, 
diagonal stripes represent respondents who store it for longer than a week, and the dashed area represents respondents 
who store fresh lettuce for a period longer than the expiration date. 

 

 

Figure 16 – Indication of conditions of preservation after purchase (place of storage) of fresh lettuce by the respondents 
of the survey in Belgium (n = 1 625), on the left, and Spain (n = 610), on the right. The dotted area represents 
respondents who store fresh lettuce at room temperature, horizontal stripes represent respondents who store it in the 
refrigerator, and vertical stripes represent respondents who store it in the basement. 
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Figure 17 – Indication of conditions of preservation after purchase (temperature of refrigerator) by the respondents of 
the survey in Belgium (n = 1619), on the left, and Spain (n = 608), on the right. The dotted area represents respondents 
who keep the temperature of the refrigerator below 4ºC, horizontal stripes represent respondents who keep the 
temperature of the refrigerator between 4 to 7ºC, vertical stripes represent respondents who keep the temperature 
above 7ºC, and the diagonal stripes represent respondents who do not know the temperature of their refrigerator. 

 

 

 

Figure 18 – Indication of washing procedures of fresh lettuce adopted by the respondents of the survey in Belgium (n = 
1422), on the left, and Spain (n = 590), on the right. The dotted area represents respondents who do not wash lettuce 
before consumption, horizontal stripes represent respondents who wash it but do not dry it afterwards, vertical stripes 
represent respondents who wash it and dry it before consumption, diagonal stripes represent respondents who wash it 
while scrubbing and then dry it, and the dashed area represents people who wash it and dry it with a salad spinner. 
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Finally, it was performed an analysis of washing procedures in the households. Respondents were inquired 

about their practices and the results of this activity are portrayed in Figure 18. This study revealed that only 

a small percentage of the enquired people stated that they do not wash lettuce before consuming it (2% in 

Belgium and 1% in Spain). Most of Belgian consumers also perform a step of drying after the washing, 

however in Spain this practice is not so common.  

Although Belgium and Spain are both European countries, different consumption and handling practices 

are derived. It can be concluded that there will be an influence by consumer behavior if risk assessment 

studies are undertaken to estimate the risk to exposure to pathogens via fresh produce consumption.  
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4.3 Exposure Assessment 

In this section, the gathered results from the exposure assessment are presented for the situations of 

Belgian consumer’s exposure to Salmonella spp. and VTEC. These data include the effect of consumer’s 

practice, such as storage and washing, on the concentration of these microbial pathogens in the moment 

of consumption, together with a quantification of the number of contaminated portions ingested by the 

consumer. All the data presented below were obtained through the use of the model developed in the work 

of Debelke, Jacxsens and Uyttendaele (2014). A description of this model can be found in the Section 3.3. 

Firstly, the effect of storing procedures and the following washing practices on the concentration levels of 

Salmonella and VTEC in fresh lettuce are represented in Figure 19 and Figure 20, respectively. Salmonella 

spp. are more affected by these procedures and suffer a stronger reduction in their concentration, comparing 

to the case of VTEC. In both cases, the concentration of these pathogens is reduced during storage and a 

washing step represents a significant reduction on this value. Washing by immersion represents the less 

effective strategy in reducing the microbial load, while a combination of both immersion and rinsing 

strategies leads to the strongest reduction of the presence of these pathogens.  

 

Figure 19 – Distribution of the concentration of Salmonella spp. in fresh lettuce, expressed in CFU/g of lettuce, at 
different points of the preparation of meals in households. The dark solid line represents lettuce at retail level, in the 
moment of purchase, and the dark dotted line represents lettuce after storage in the household (decay of the pathogen 
on the lettuce is simulated). The lighter lines represents the reduction of Salmonella after washing: the solid line 

represents the effect of washing by immersion, the dotted line represents the effect of rinsing the lettuce and the dashed 
line represents the effect of a combination of both washing strategies. 

 

0

10

20

30

40

50

60

70

80

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

C
o
n
c
e
n
tr

a
ti
o
n
 o

f 
S

a
lm

o
n
e
lla

 s
p
p
. 

(C
F

U
/g

)

Percentile (%)



  

45 

 

 

Figure 20 – Distribution of the concentration of VTEC in fresh lettuce, expressed in CFU/g of lettuce, at different points 
of the preparation of meals in households. The dark solid line represents lettuce at retail level, in the moment of 
purchase, and the dark dotted line represents lettuce after storage in the household (decay of the pathogen on the 
lettuce is simulated). The lighter lines represents the reduction of VTEC after washing: the solid line represents the 
effect of washing by immersion, the dotted line represents the effect of rinsing the lettuce and the dashed line represents 
the effect of a combination of both washing strategies.  

 

Considering the data of frequency and portion consumption, the retrieved data could be expressed in terms 

of concentration of the mentioned pathogens in a portion ingested by the consumer. These results are 

portrayed in Figure 21 and Figure 22 for the cases of Salmonella spp. and VTEC, respectively. Once more, 

the output is expressed in terms of the adopted strategy of washing of lettuce.  

The distribution of concentration of these pathogens was used, together with the distribution of consumption 

of fresh lettuce in Belgium, to determine the exposure of Belgian consumers to Salmonella spp. and VTEC, 

after storage and washing, as it is represented in Figure 23 and in Figure 24, respectively. Due to the 

similarity of the results, it was chosen to represent only the situation of washing by rinsing through the use 

of the figures previously mentioned. Further details of these results regarding other washing strategies are 

presented in Table 14 and in Table 15, for the cases of both pathogens. 

Considering consumption of fresh lettuce in Belgium, as it is represented in Table 14, this vegetable is 

consumed in a weekly basis in average and half of the consumers ingest more than 39 portions in a year, 

while 1 in 100 consumes more than 365 portions in a year and 1 in 1 000 consumes more than 1 095 

portions (in the case of non-seasonal consumption, these values correspond to daily consumption and 

consumption of three portions in a day, respectively).  
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Figure 21 – Distribution of the concentration of Salmonella spp. in fresh lettuce, expressed in CFU/portion of lettuce, 
according to different washing procedures. The solid line represents the effect of washing by immersion, the dotted line 
represents the effect of rinsing the lettuce and the dashed line represents the effect of a combination of both washing 
strategies.  

 

Figure 22 – Distribution of the concentration of VTEC in fresh lettuce, expressed in CFU/portion of lettuce, according to 
different washing procedures. The solid line represents the effect of washing by immersion, the dotted line represents 
the effect of rinsing the lettuce and the dashed line represents the effect of a combination of both washing strategies.  
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Figure 23 – Distribution of the number of consumed lettuce portions contaminated with Salmonella spp. after storage 
and washing (rinsing) by a Belgian consumer in one year. The solid line represents consumption of lettuce, the dotted 
line represents consumption of lettuce contaminated with Salmonella without taking prevalence into account and the 
dashed line represents consumption of lettuce contaminated with Salmonella taking prevalence into account.   

 

Table 14 – Distribution of the number of consumed lettuce portions contaminated with Salmonella spp. after storage 
and different washing procedures by a Belgian consumer in one year taking into account the prevalence detected in 
this work (0/150 samples for Salmonella spp.), derived from Figure 23 and @Risk output.  

Portions Contaminated 
with Salmonella spp. 

Rinsing Immersion 
Rinsing and 
Immersion 

Consumption 
(not contaminated) 

Mean 0.1 0.2 0.1 51 

Standard deviation 0.3 0.6 0.2 79 

Maximum 17.5 33.2 8.5 1 095 

50% Percentile 0 0.1 0 39 

75% Percentile 0.1 0.2 0.1 52 

95% Percentile 0.5 1.0 0.3 156 

99% Percentile 1.4 2.6 0.7 365 

99,9% Percentile 3.5 6.6 1.7 1095 

 

As it was mentioned before, the strategy of washing by immersion is the scenario that leads to a higher final 

concentration of bacterial pathogens while a combination of this strategy with rinsing leads to the best 

results. Considering the prevalence determined in this work of 0/150 for Salmonella spp. in the gathered 

samples of lettuce, it was determined that half of the consumers are not exposed to contaminations of this 
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pathogen through consumption of fresh lettuce if they proceed to at least a step of washing by rinsing. 

Nevertheless, 1 in 100 consumers (P99) are exposed to 1 to 3 contaminated portions and 1 in 1 000 (P99.9) 

are exposed to a number of 1 to 7, according to the adopted washing strategy as it is portrayed in Table 14. 

 

Figure 24 – Distribution of the number of consumed lettuce portions contaminated with VTEC after storage and washing 
(rinsing) by a Belgian consumer in one year. The solid line represents consumption of lettuce, the dotted line represents 
consumption of lettuce contaminated with VTEC without taking prevalence into account and the dashed line represents 
consumption of lettuce contaminated with VTEC taking prevalence into account.   

 

Table 15 – Distribution of the number of consumed lettuce portions contaminated with VTEC after storage and different 
washing procedures by a Belgian consumer in one year taking into account the prevalence detected in this work (0/150 
samples for VTEC), derived from Figure 24 and @Risk output.  

Portions Contaminated 
with VTEC 

Rinsing Immersion 
Rinsing and 
Immersion 

Consumption 
(not contaminated) 

Mean 0.1 0.2 0.1 51 

Standard deviation 0.3 0.6 0.2 78 

Maximum 15.9 30.2 7.7 1 095 

50% Percentile 0 0.1 0 39 

75% Percentile 0.1 0.2 0.1 52 

95% Percentile 0.5 1.0 0.3 156 

99% Percentile 1.4 2.6 0.7 365 

99,9% Percentile 3.6 6.8 1.7 1 095 
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Regarding the situation of VTEC and taking into consideration the prevalence recorded in this work for this 

pathogen of 0/150 in the gathered samples of lettuce, it was determined that, once more, half of the 

consumers are not exposed to contaminations of E. coli H157:O7 through consumption of fresh lettuce if at 

least a step of washing by rinsing is applied. Additionally, 1 in 100 consumers (P99) are exposed to 1 to 3 

contaminated portions and 1 in 1 000 (P99.9) are exposed to a number of 1 to 7, according to the adopted 

washing strategy as it is portrayed in Table 15.  
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5. DISCUSSION  

This chapter contains the discussion of the results retrieved during the elaboration of this work and that 

were presented in the previous chapter. The structure of this section follows the same format as the rest of 

this work beginning with an interpretation of the data gathered during the laboratorial work of lettuce 

sampling, followed by an analysis of the survey data and, finally, it is presented a description of the results 

of the exposure assessment.  

5.1 Fresh Lettuce Sampling  

The analysis of prevalence and concentration of different indicators and pathogens enabled the execution 

of a study of the influence on quality and safety of different characteristics of fresh lettuce, such as 

appearance, origin or strategy of display to the customer. Furthermore, it was the purpose of this work to 

evaluate the role of Total Coliforms and E. coli as bacterial hygiene indicators of fresh vegetables and 

assessing the state of food safety of lettuce market in Belgium.         

5.1.1 Bacterial Hygiene Indicators 

Regarding total coliforms, the determination of concentration of these in the gathered samples revealed an 

overall increasing tendency along with the date of purchase. Samples retrieved in the month of May 2014 

(weeks 18 to 21) present a generally higher concentration of coliforms than samples collected in March or 

April (weeks 9 to 15). Due to the characteristics of farmers’ markets, it was extremely difficult to retrieve 

lettuce samples from these outdoors establishments in the beginning of the sampling period due to the rainy 

weather conditions. For this reason, sample collection had to be adjourned until May, when it was possible 

to retrieve all the samples necessary for this work.  

As a result of this situation, it is not possible to confirm if the existence of an increase of the number of 

coliforms along the sampling period is related to the different scenario of place of purchase (higher counts 

of TC in farmers’ markets) or due to the change of climacteric conditions in this period. Nevertheless, it 

could be established that supermarkets and independent shops do not present a significant difference in 

the concentration of this hygiene indicator. This fact can be explained by the similarity that smaller 

establishments are nowadays able to present, like supermarkets, appropriately equipped facilities in order 

to ensure the safety of their food products.   

The gathered data concerning the impact of source (place of purchase) in the concentration of total coliforms 

in fresh lettuce led to a result, expressed in terms of median concentrations, of 830 CFU/g in supermarkets, 

865 CFU/g in independent shops and 5 500 CFU/g in farmers’ markets. Comparing with previous literature 

published on this topic, presented in Table 16, the results gathered in this work are consistent and relatively 

low comparing with the situations described.  
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Table 16 – Overview of mean values and ranges of concentration of total coliforms in samples of fresh lettuce retrieved 
by different authors previously to this work. 

Author Location 
Date of 

Publication 
Sample Size 

Mean Value 
(CFU/g) 

Range of Values 
(CFU/g) 

Viswanathan et al. Mumbai, India 2001 8 1.7 x 106 1.2 x 105 – 7.0 x 106 

Aycicek et al. Ankara, Turkey 2006 30 

 

Outer leaves 
2.0 x 105 

 

Inner leaves 
2.0 x 104 

 

Outer leaves 
5.0 x 103 – 3.2 x 106 

 

Inner leaves 
1.0 x 103 – 6.3 x105 

Brandão et al.  Rio de Janeiro, Brazil 2014 30 - 1.0 x 103 - >1.1 x 104 

         

Literature on this matter was scarce and the retrieved studies lack resemblance with this work in what 

concerns location. Furthermore, as it has been stated previously in this work, different authors have declared 

that total coliforms might not constitute a reliable indicator of fecal contamination in fresh produce due to 

the ability of these microorganisms to grow in different environments (Won et al., 2013).  

On the topic of analysis of concentration of E. coli as a hygiene indicator of fresh vegetables, it was not 

possible to perform this study since there was not enough positive results for the presence of this 

microorganism: only 10 in 150 samples manifested the presence of E. coli above the limit of detection of 

the enumeration procedure followed (LOD = 10 CFU/g). The entirety of these samples was collected in the 

month of May 2014, corresponding to the end of the sampling period. This situation once more leads to the 

fact that these samples mainly belong to the group of samples from farmers’ markets, with the exception of 

the last sample of independent stores that was also retrieved during this period.  

Table 17 – Overview of the prevalence of E. coli determined in samples of fresh lettuce retrieved by different authors 

previously to this work. 

Author Location Date of Publication Sample Size 
Positive Samples for 

E. coli 

Soriano et al. Valencia, Spain 2001 40 4 (10%) 

Viswanathan et al. Mumbai, India 2001 8 4 (50%) 

Aycicek et al.  Ankara, Turkey 2006 30 4 (13.3%) 

Abadias et al. Lleida, Spain 2008 29 10 (3.4%) 

Brandão et al. Rio de Janeiro, Brazil 2014 30 21 (70%) 

 

In total, 10 samples gathered in this work had a positive result for the presence of E. coli, corresponding to 

approximately 7% of the overall of samples. However, considering only samples from farmers’ markets 

(9/50) this percentage corresponds to 18%. Once more, the higher frequency of E. coli in samples from this 

scenario cannot be separated from the date of purchase leading to the impossibility of indicating if there is 
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actually a difference between different kinds of establishments in terms of concentration of E. coli and, thus, 

safety of food products sold in them. Nevertheless, a comparison to results obtained by other authors, 

represented in Table 17, indicates that the result is consistent and relatively low.  

5.1.2 Prevalence of Pathogens 

The analysis of prevalence of pathogens was performed in order to investigate the existence of cases of 

fresh lettuce available to the customer that were infected with the four most common foodborne diseases: 

Campylobacter spp., Escherichia coli O157:H7 (VTEC), Listeria monocytogenes, and Salmonella spp. For 

this purpose, different testing procedures were performed leading to the result that the entirety of the 

samples were below the limit of detection for Campylobacter, VTEC and Salmonella. However, 3 samples 

in total (2% of the total sample size) retrieved a positive result for the presence of Listeria monocytogenes. 

Regarding the result for prevalence of Campylobacter spp. in fresh lettuce, the fact that all samples were 

below the limit of detection for both tests performed (10 CFU/g for enumeration and absence in 25 g for 

detection) contrasts with the result obtained in the work of Holvoet et al. (2014) that registered a low 

prevalence of this microorganism (8/88) in lettuces from farms located in West Flanders, Belgium. 

Considering literature previously issued on this matter, similarly in the work of Abadias et al. (2008), 

Campylobacter could not be found in the analyzed samples while Wijnands et al. (2014) stated a prevalence 

raging up to 0.22%.  

Although some samples reported positive results for the presence of genes O157 and eae, it was never 

confirmed the presence of the gene Stx and thus there is no evidence of infection with VTEC of the samples 

analyzed in this work. The lack of positive results for the presence of E. coli O157:H7 is conforming to other 

similar studies such as Abadias et al. (2008), Hoogenboom et al. (2008), de Quadros Rodrigues et al. 

(2014), and Wijnands et al. (2014).  

In the case of testing for the presence of Salmonella spp., all samples were again absent in 25 g and these 

results are also in accordance with the same works mentioned above that detected very low levels of 

prevalence of Salmonella in samples of fresh lettuce. On the contrary, Moneim et al. (2014) detected an 

extremely high prevalence of this pathogen in a study similar to this one conducted in Egypt.  

Finally, Listeria monocytogenes was the only pathogenic microorganism in the scope of this work that was 

able to be detected in the gathered samples of lettuce. As it was mentioned before, three samples were 

positive for the presence of this pathogen, corresponding to a percentage of 2% of the total sample size 

(2% of samples from supermarkets and 4% of the ones from independent stores). Comparing with other 

similar works, Abadias et al. (2008) retrieved a prevalence of 0.7% in lettuce samples and Wijnands et al. 

(2014) stated a prevalence ranging up to 0.11%. Thus, the prevalence of Listeria monocytogenes 

determined in this work appears as relatively high, although the concentrations presented low values in all 

the positive samples (10 CFU/g). 
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Regarding the prevalence and concentration of L. monocytogenes in the analyzed samples, no correlation 

could be found relating this data to their reported characteristics. Two of the samples had their origin in 

Belgium and they were collected from the same independent store in the same day, displayed in an open 

plastic box and their appearance was clean. In opposition, the other sample was collected in a supermarket 

in the previous week, the outer leaves presented some bruises and the lettuce was sold in a closed plastic 

bag with the indication that it was a biological product from France. The lack of a relation between these 

contaminated products leads to the conclusion that these correspond to individual cases of infection. 

Nevertheless, cases like these can still lead to serious consequences due to the high mortality rate of this 

microorganism associated with its high resistance to grow in environments with a low temperature, such as 

the refrigerator where lettuce is most commonly stored.  

5.1.3 Impact of Different Selling Strategies 

A study was performed in order to evaluate the impact of different selling strategies adopted by retailers in 

the safety of their food products. This includes the appearance of fresh lettuce in the moment that it is 

bought, if it is sold with the root in soil or if the root was cut, the adopted packaging strategy and the storage 

procedure when in display to the customer. For this purpose, the concentration of microbial hygiene 

indicators was used in order to estimate the influence of these characteristics. Nevertheless, as it was 

mentioned before, concentration levels of E. coli could not be used as a hygiene indicator due to the low 

prevalence found on the gathered samples of this work. Therefore, this analysis was performed uniquely by 

use of concentration of TC.  

Regarding appearance of fresh lettuce samples, it was inspected if the acquired products were 

contaminated with soil residues, if they were sold still in soil, and/or if they presented any bruises or rotten 

edges. Through this analysis, it was not found any evidence of any of these traits having an influence on 

the concentration levels of total coliforms and, consequently, on the fecal hygiene level of these products. 

During the sampling activity, different packaging strategies were observed and recorded. In this case, a 

significant difference could be found between the various registered groups with a noticeably higher 

concentration of TC in lettuce samples that were packed in open plastic bags and that were sold in display 

in an open plastic box in comparison to samples that suffered a packaging procedure using a closed plastic 

bag. A visual analysis of the boxplot presented in Figure 10 suggests even a lower concentration of TC 

(lower median value) in lettuces sold in an open plastic bag, comparing to display in an open box, although 

the performed testing identified no significant difference between these two groups. However, samples 

retrieved from farmers’ markets were sold in open plastic boxes almost in their entirety, leading to an 

increase of TC values in this group that may not correspond to an influence of the packaging strategy but 

instead be explained by the warmer temperature or the source itself. Nevertheless, the results of the 

comparison between packaging strategies comply with the purpose of the packaging process of fresh 

vegetables, protecting these from contaminations from the surrounding environment from the moment of 
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processing until the moment of consumption. Packaging using closed plastic boxes was not considered in 

this analysis due to the low number of examined samples (3/150).  

Lastly, comparing samples that were displayed at room temperature or using cold storage in the moment of 

purchase, it is perceptible that the latter presented lower concentrations of TC. Once more, this result is 

congruent with the purpose of cold storage in controlling microbial growth but samples from farmers’ markets 

were sold exclusively at room temperature. Therefore, with this set of results, it is not correct to state that 

the lower concentration of coliforms in these samples is due to the cold storage.     

5.2 Analysis of the Survey Data 

The survey in analysis in the present work was conducted in Belgium and Spain, as two distinct examples 

of consumers in Europe. This study was carried in order to study consumption habits regarding selected 

fruits and vegetable as lettuce, fresh herbs, red fruits, berries, grapes, apples, tomatoes, bell peppers, pre-

packed and pre-washed lettuce, fresh juices and mixed fruit salads. Nevertheless, in the scope of this work, 

only the data relative to lettuce consumption was taken into account.  

The retrieved data was presented in the previous chapter and includes information about characterization 

of the population of respondents, frequency and portion consumption of fresh lettuce, attention paid to 

expiration date and packaging condition, storage procedures and washing strategies adopted. In the 

following pages, it is presented a succinct explanation of the outcomes of this analysis. 

5.3.1 Characterization of the Population 

The first part of the survey served the purpose of providing information about the profile of the respondent. 

For this reason, it contained a group of questions about gender, age, and employment status.  

In terms of gender, it is noticeable a clear majority of female respondents in the case of both countries since 

one of the prerequisites to participate in the survey was that the respondent had to do their own shopping 

of food products and subsequent cooking. This is still an activity more frequently performed by women than 

men (Jacxsens et al., 2012). Concerning employment status, most of the respondents were workers, 

followed by students and a smaller percentage of people who stay at home, what was believed to be an 

accurate portrait of the age group selected for this study.  

5.3.2 Consumption Patterns 

A previous study (Jacxsens et al., 2012) had stated that Spain and Belgium present cultural differences 

between them that are reflected in the food consumption habits of their populations. Mediterranean 

countries, such as Spain, when compared to other countries in Europe, present a higher consumption of 

fruits and vegetables. Nevertheless, the traditional kitchen consisting of an abundance of carbohydrates, 

fruits, vegetables and olive oil is gradually being abandoned by the younger generations that turn to new 

products in the food industry that are not so healthy. On the other hand, eating habits in Belgium correspond 
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to the usual diet adopted in the Western countries. This diet generally includes a high intake of saturated 

fatty acids and a low consumption of products such as fiber, fruits or vegetables.  

The performed survey contained a section of questions regarding the consumption of fruit and vegetables, 

asking the respondent to indicate specifically the seasonality and frequency of consumption and the portion 

size for each product in the scope of the survey. Nevertheless, as it was mentioned before, in the scope of 

this work only the data regarding the consumption of lettuce were presented as results. 

An obvious remark in this analysis is the fact that lettuce is clearly a vegetable that is consumed by a vast 

majority of population: only 3% of the respondents in Belgium and 1% in Spain stated that they do not 

consume this vegetable. Considering the group of consumers, consumption behavior manifests a significant 

difference between these two countries. In Belgium, lettuce consumption exhibits a substantial seasonal 

pattern with 45% of the consumers reporting that they do not buy this vegetable out of the appropriate 

season for it. On the other hand, most of the Spanish consumers eat it during the whole year with only 8% 

of them following a seasonal consumption.  

Regarding the results relative to frequency of consumption, Spain presents a great percentage of its 

consumers eating lettuce several times a week and even a considerable fraction that consumes it in a daily 

basis. In comparison, Belgium presents a lower consumption of fresh lettuce. When questioned about their 

eating habits, Belgian consumers reported a weekly consumption as the most frequent, with considerable 

fractions indicating consumption of this vegetable several times a week or in a monthly basis. These results 

coincide with the statement that consumption of vegetables is more frequent in Mediterranean countries, 

such as Spain, than in the Western countries, like Belgium. Considering the portion size, in both countries 

smaller portions (a handful or half of a lettuce) were indicated as the most common measure in the 

consumption of this leafy green. 

5.3.3 Consumer Behavior in the Moment of Purchase 

In the moment of purchase, customers should always check the expiration date and the condition of 

packaging of food products, in case of existence of one. Expiration date serves the purpose of indicating 

the customer how long can this product be stored under the appropriate conditions and maintain its 

characteristics of quality and safety. The packaging procedure is adopted in order to prevent damages or 

contaminations inflicted to these products during the operations of transportation and distribution by the 

retailers but also during the transportation and storage in the household of consumers. For this reason, it 

was included in the survey a section regarding consumer’s behavior in the moment of purchase of packed 

fruits and vegetables enquiring about attention paid to the expiration date and the state of the packaging.   

In this case, both countries manifested similar tendencies. Concerning the expiration date, slightly more 

than half of Belgian and Spanish consumers do not buy products that present an expired date and a 

considerable percentage (28% in Belgium and 37% in Spain) does not buy it if it is approaching the 

expiration date. Nevertheless, there is still a significant portion of the population deserving of concern due 
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to the lack of attention paid to this information (7% in Belgium and 6% in Spain) or, in the case of Belgium, 

7% of the respondents stated that, they would consume a packed fruit or vegetable even if the expiration 

date presented on the packaging was passed. An analysis of these results leads to the conclusion that 

Belgian consumers require more awareness about the importance of adopting an appropriate behavior 

towards expiration date in packed food products.  

The condition of the packaging of packed fruits and vegetables appears to be of less concern to some extent 

to consumers, with a slightly higher percentage of the respondents claiming that they do not check it before 

the purchase (10% in Belgium and 9% in Spain). Nevertheless, still a clear majority does not buy a product 

that presents a damaged packaging and only a small fraction of 2% of the respondents would buy it 

indicating that in general there is an appropriate behavior towards the packaging condition of food products 

but still there is room for improvement in this area.  

5.3.4 Storage Procedures 

This section of the survey contained questions about storage procedures covering the duration of the 

storage, the place where the vegetables were stored and the temperature used in the refrigerator. The 

topics previously mentioned correspond to behaviors of the consumer that can lead to the occurrence of 

situations of foodborne diseases originated in the household if they do not follow the right procedures. 

Storage at high temperatures or for longer periods than intended can provoke a rapid increase of the initial 

numbers of microorganisms and thus jeopardize the health of the consumer. 

It is recommended that lettuce is consumed in a short time after the moment of purchase. This means that 

this vegetable should not be stored in a period longer than one to three days. Moreover, this vegetable 

should be stored in the refrigerator in a temperature between 4-7ºC although it can be stored for three to 

five days if the temperature is between 0-3ºC. Inside the refrigerator, lettuce should be kept wrapped in an 

isolating material and distant from other food products that produce ethylene, such as apples, pears, 

bananas, and tomatoes (Jacxsens et al., 2012).  

In an analysis of the duration of storage practiced, it is noticeable a clear distinction between Belgian and 

Spanish consumers. In Belgium, the majority of the consumers eats the lettuce three or less days after the 

purchase meaning that they are in compliance with the correct practices of storage of lettuce. On the other 

hand, Spanish consumers present a majority that keeps lettuce in storage for a period longer than the 

advised. This situation raises some concern for both countries, although the situation in Spain is of higher 

urgency. Therefore, this situation should be the target of awareness campaigns in order to improve handling 

practices of the consumer.  

According to the results of the survey, preservation of fresh lettuce is mainly done, in both countries, by use 

of a refrigerator following the right procedure for the home storage of this vegetable. Then, a small 

percentage of the respondents reported keeping it in the basement, although this value was inferior in Spain. 

This small percentage can be explained by the fact that not all houses are equipped with a basement. 
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Regarding home storage at room temperature, in Spain this percentage was almost zero but in Belgium it 

reached a considerable value of 2% of the respondents. Again, this is a situation that could be improved if 

customers were better informed about the seriousness of complying with adequate handling practices of 

fresh produce.  

Temperature of the refrigerator is kept at the right temperature (4-7ºC) in most of the households enquired 

in both countries. Nevertheless, a small fraction of the respondents stated that they keep a higher 

temperature than the advised and approximately a fifth of the respondents in both countries reported having 

no knowledge of the temperature of the refrigerator in their households.  

This was the most critical aspect detected during this work concerning consumer behavior because this 

situation can be a source of infections in the household. Consumers often believe that foodborne diseases 

are originated outside of their homes and, even if they are informed about the correct practices to follow, 

they think these procedures will be a superfluous consumption of money and time during the preparation of 

their meals. It is portrayed through the results of this study, and also in compliance with the literature review, 

that consumers need to be educated about correct storage practices but, at the same time, made aware of 

the importance of following these practices.   

5.3.5 Washing Strategies 

The last section of the survey described in this study that was analyzed was on the topic of consumers’ 

behaviors regarding washing strategies. It is recommended that, before consumption, fresh lettuce is 

washed by placing it under running tap water while scrubbing its leaves with the hands and, after washing, 

drying it with a paper towel or a lettuce centrifuge (Jacxsens et al., 2012). 

The collected results indicate that only a small percentage of consumers in Belgium and Spain eat lettuce 

without performing a step of washing before. Relatively to the step of drying, answers differed between 

these two countries since a vast majority of the respondents in Belgium performs a step of drying while in 

Spain this situation does not arise. Most of the Spanish consumers enquired stated they perform no step of 

drying lettuce after washing it. These results appear to be optimistic although more awareness could be 

raised about the effect of applying a drying step in the maintenance of food safety during the preparation of 

lettuce for consumption.   

5.3 Exposure Assessment 

The exposure assessment presented in this work was conducted in order to determine the probability of 

consuming a portion of lettuce that was infected with a given pathogen and the respective concentration of 

the pathogen in these portion. To accomplish an exposure assessment it is necessary to model the growth, 

survival and inactivation of pathogens along the entirety of the supply chain until the moment of 

consumption. The model used in this study was based on the work of Delbeke, Jacxsens and Uyttendaele 

(2014) and it was only available for Salmonella spp. and VTEC. For this reason, Campylobacter spp. and 
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Listeria monocytogenes were not considered in this exercise and focus was made on the Belgian 

consumers, because samples for prevalence estimation in lettuce were taken in Belgium.  

Firstly, the model developed the effect of duration and method of home storage on a distribution of initial 

concentrations at retail level of Salmonella spp. and VTEC that was created through expert discussion. 

Then, based on literature issued on this matter, it was applied the effect of washing considering three 

different scenarios: washing by immersion, by rinsing or using a combination of these two strategies. Both 

activities result in a decrease on the concentration of the pathogens and, considering the step of washing, 

the combination of two different strategies proved to be the most effective strategy while only washing by 

immersion presents the lowest effect on reducing microbial levels. These steps were performed under the 

assumption of a prevalence of 100%, i.e., not taking into account the prevalence determined by the 

laboratorial work of this study. The influence of transportation between the retailer and the household was 

not considered, due to its short duration, and neither was the effect of drying, meaning that it was considered 

a situation of worst-case scenario for this step of the farm-to-fork continuum.  

The data of frequency consumption and portion size from the survey was used in order to create a 

distribution of consumption of lettuce in Belgium. With this information, the distribution of number of infected 

portions consumed in a year could also be determined for the assumption of a prevalence of 100% and 

taking into consideration the value determined in this work of 0/150 for both pathogens. The fact that it was 

established the same value for the prevalence of Salmonella spp. and of VTEC is a reason why the 

distributions of the number of infected portions present a strong similarity between the situations for the two 

pathogens. Additionally, this fact can also be explained by the fact that these microorganisms present similar 

death rates in these conditions (Debelke et al., 2014).  

It was concluded with the results of this exposure assessment that consumption of lettuce is, in fact, highly 

frequent in the population of Belgium. This detail leads to a situation where consumers are exposed to 

infection through the consumption of this vegetable even though the entities participating in the supply chain 

are in compliance with food safety standards in order to guarantee a low prevalence of pathogens in these 

food products.  

Other studies, presented in the literature review of this work (Section 2.4), have conducted risk assessments 

focusing on the consumption of lettuce. Comparing with the mentioned articles, the model used in this work 

presents the novelty of considering prevalence of the pathogens at retail level, in the moment of purchase, 

together with the subsequent effect of consumer handling, including storage practices (method and length) 

and different scenarios of washing procedures.   
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6. CONCLUSION 

In this work, the prevalence of the four most common zoonotic pathogens was determined in fresh lettuce. 

Testing for the presence of Campylobacter spp., Escherichia coli O157:H7 (VTEC) and Salmonella spp. 

retrieved results below the limit of detection for the entirety of the samples (0/150). On the other hand, it 

was found a prevalence of 2% (3/150) of Listeria monocytogenes in the gathered samples which was 

inferred to be due to individual cases of infection. Total coliforms were used as a microbial hygiene indicator 

for further studies of the influence of different traits observed. No significant influence was found related to 

the appearance of lettuce samples or between samples from supermarkets or independent shops. 

Nevertheless, it was found an increasing tendency related to the date of acquisition, the place of acquisition 

being a farmers’ market, the packaging strategy and the display of products at room temperature. Due to 

limitations of the sampling schedule, it was not possible to isolate the cause for this tendency.  

Regarding consumers’ behavior, it was determined that culture plays a role in consumption patterns as 

Belgium presents a lower and less frequent intake of lettuce with a strong seasonal character, in opposition 

to Spain. Moreover, this vegetable generally is consumed with a high frequency but in small portions. In the 

moment of purchase, it was concluded that customers need to be more aware of the importance of 

complying with the expiration date indicated in the packaging, especially in the case of Belgium. Storage 

procedures represent the most critical concern in the scope of this work with a considerable percentage of 

the respondents stating that they do not comply with the right procedures for the temperature of refrigerator 

or duration of storage. Results concerning washing procedures are more optimistic although many 

consumers do not practice a drying step after washing the lettuce (a situation more noticeable in Spain). 

The exposure assessment, conducted in the end of this work with the gathered data, created a distribution 

of the number of portions infected with Salmonella spp. or VTEC that a Belgian consumer is exposed in a 

period of time of a year. Lettuce is a vegetable consumed by almost the entirety of the Belgian population 

in a frequent way and therefore represents a potential source of foodborne outbreaks. 

In conclusion, the objectives of this study were not fully accomplished because of limitations of the sampling 

schedule, as it was mentioned before. The adjournment of collection of samples from farmers’ markets 

created a gap in time that invalidated possible conclusions that could be drawn.  Furthermore, in the colder 

months (March and April) concentrations of E. coli in the collected samples were below the limit of detection 

and thus prevalence of this indicator was too low to be used in this study. For this reason, this study should 

be performed following an appropriate sampling schedule with incidence in the summer months for being 

the critical period in the spreading of foodborne diseases. 

The data collected in this study can be used for further research and for the development of scenario-

analysis for the development of a microbial risk assessment. This exercise can be performed in order to 

analyze the influence of the behavior of the consumer regarding consumption patterns, storage practices 

and washing procedures in the maintenance of food safety concerning fresh fruits and vegetables.  
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APPENDICES 1: SAMPLES RETRIEVED FROM SUPERMARKETS 

Sample Identification 1 2 3 4 5 

Date of Acquisition 24/02/2014 24/02/2014 24/02/2014 24/02/2014 24/02/2014 

Place of Acquisition Colruyt Colruyt Colruyt Colruyt Colruyt 

Cultivar Lollo Bionda Red Oakleaf Butterhead Green Oakleaf Mini Romaine 

Brand Flandria Flandria - Flandria Deilor 

Origin Belgium Belgium Belgium Belgium Spain 

Packing Open plastic bag Open plastic bag Open plastic box Open plastic bag Closed plastic box 

Unit Price 0.99€ 1.19€ 1.14€ 1.19€ 1.49€ 

Further Observations Kept in a cold room Kept in a cold room Kept in a cold room Kept in a cold room Kept in a cold room 

Appearance           

Dirty with soil Yes No Yes Yes No 

Sold in soil Yes Yes No Yes No 

Rotten edges No No No No Yes 

Bruises No No No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 1 540 870 20 50 1 170 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Presence (Ct = 39.8) Absence Absence Absence Presence (Ct = 40.1) 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 



  

II 

 

Sample Identification 6 7 8 9 10 

Date of Acquisition 04/03/2014 04/03/2014 04/03/2014 04/03/2014 04/03/2014 

Place of Acquisition Colruyt Colruyt Colruyt Colruyt Colruyt 

Cultivar Lollo Bionda Red Oakleaf Butterhead Green Oakleaf Mini Romaine 

Brand Flandria Flandria Flandria Flandria Deilor 

Origin Belgium Belgium Belgium Belgium Spain 

Packing Open plastic bag Open plastic bag Open plastic box Open plastic bag Closed plastic box 

Unit Price 1.19€ 1.19€ 0.89€ 1.19€ 1.49€ 

Further Observations Kept in a cold room Kept in a cold room Kept in a cold room Kept in a cold room Kept in a cold room 

Appearance           

Dirty with soil Yes Yes Yes Yes No 

Sold in soil Yes Yes No Yes No 

Rotten edges No Yes No Yes No 

Bruises No No No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 60 780 20 1 400 10 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Presence (Ct = 38.3/36.5) 

O 157 Absence Presence (Ct = 39.8) Absence Presence (Ct = 37.5) Presence (Ct = 35.0) 

Stx Absence Absence Absence Absence Absence 

Eae Absence Absence Absence Absence Presence (Ct = 37.0) 

 

 



  

III 

 

Sample Identification 11 12 13 14 15 

Date of Acquisition 10/03/2014 10/03/2014 10/03/2014 10/03/2014 10/03/2014 

Place of Acquisition Colruyt Colruyt Colruyt Colruyt Colruyt 

Cultivar Lollo Bionda Red Oakleaf Butterhead Green Oakleaf Mini Romaine 

Brand Flandria Flandria Flandria Flandria Deilor 

Origin Belgium Belgium Belgium Belgium Spain 

Packing Open plastic bag Open plastic bag Open plastic box Open plastic bag Closed plastic box 

Unit Price 1.19€ 0.79€ 0.75€ 1.19€ 1.49€ 

Further Observations Kept in a cold room Kept in a cold room Kept in a cold room Kept in a cold room Kept in a cold room 

Appearance      

Dirty with soil Yes Yes No Yes No 

Sold in soil Yes Yes No Yes No 

Rotten edges Yes No No Yes No 

Bruises No No Yes No No 

Enumeration (CFU/g)      

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 190 72 000 20 1 790 < 10 

Detection (in 25g)      

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Presence (Ct = 38.6) Absence Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 

 



  

IV 

 

Sample Identification 16 17 18 19 20 

Date of Acquisition 17/03/2014 17/03/2014 17/03/2014 17/03/2014 17/03/2014 

Place of Acquisition Colruyt Colruyt Colruyt Colruyt Colruyt 

Cultivar Lollo Bionda Red Oakleaf Green Oakleaf Multicolor Trio Butterhead 

Brand Flandria Flandria Flandria Flandria - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic bag Open plastic bag Open plastic bag Open plastic bag Open plastic box 

Unit Price 1.19€ 1.19€ 1.19€ 0.78€ 0.78€ 

Further Observations Kept in a cold room Kept in a cold room Kept in a cold room Kept in a cold room Kept in a cold room 

Appearance           

Dirty with soil Yes No Yes No No 

Sold in soil Yes Yes Yes Yes No 

Rotten edges No No No No Yes 

Bruises No No No No Yes 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 2 400 < 10 1 220 15 800 330 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Presence (Ct = 39.7) Presence (Ct = 40.1) Absence 

Stx Absence Absence Absence Absence Absence 

eae Presence (Ct = 32.4/32.3) Absence Absence Absence Absence 

 

 



  

V 

 

Sample Identification 21 22 23 24 25 

Date of Acquisition 17/03/2014 17/03/2014 17/03/2014 17/03/2014 18/03/2014 

Place of Acquisition Delhaize Delhaize Delhaize Delhaize Carrefour 

Cultivar Multicolor Trio Butterhead Butterhead Romaine  Butterhead 

Brand Flandria Delhaize Delhaize Bio Taste of Inspirations - 

Origin Belgium Belgium France Spain 
 - 
 

Packing Open plastic bag Closed plastic bag Closed plastic bag Closed plastic bag Open plastic box 

Unit Price 0.79€ 0.89€ 1.99€ 2.29€ 0.89€ 

Further Observations  - - Biological product - - 

Appearance           

Dirty with soil No No No No No 

Sold in soil Yes No No No No 

Rotten edges No No No No No 

Bruises No No Yes No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 1 120 5 2 600 5 1 100 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Absence Presence (Ct = 39.6) Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 

 



  

VI 

 

Sample Identification 26 27 28 29 30 

Date of Acquisition 18/03/2014 18/03/2014 18/03/2014 18/03/2014 24/03/2014 

Place of Acquisition Carrefour Carrefour Carrefour Carrefour Colruyt 

Cultivar Lollo Rossa Lollo Bionda Green Oakleaf Romaine Multicolor Trio 

Brand Flandria Flandria Flandria Lucas Flandria 

Origin Belgium Belgium Belgium Spain Belgium  

Packing Open plastic bag Open plastic bag Open plastic bag Closed plastic bag Open plastic bag 

Unit Price 1.00€ 1.29€ 1.29€ 1.79€ 0.79€ 

Further Observations -  - - - Kept in a cold room 

Appearance           

Dirty with soil No Yes No No No 

Sold in soil Yes No Yes No Yes 

Rotten edges No No No No No 

Bruises No No No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 790 580 310 10 1 140 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Presence (Ct = 39.5) Absence Absence Absence 

O 157 Absence Absence Absence Presence (Ct = 40.4) Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 

 



  

VII 

 

Sample Identification 31 32 33 34 35 

Date of Acquisition 24/03/2014 24/03/2014 24/03/2014 24/03/2014 25/03/2014 

Place of Acquisition Colruyt Colruyt Colruyt Colruyt Delhaize 

Cultivar Butterhead Green Oakleaf Red Oakleaf Mini Romaine Butterhead 

Brand Flandria Flandria Flandria Deilor Delhaize 

Origin Belgium Belgium Belgium Spain Belgium 

Packing Open plastic box Open plastic bag Open plastic bag Closed plastic bag Closed plastic bag 

Unit Price 0.69€ 0.99€ 0.99€ 1.49€ 0.89€ 

Further Observations Kept in a cold room Kept in a cold room Kept in a cold room Kept in a cold room  - 

Appearance           

Dirty with soil No Yes Yes No No 

Sold in soil No Yes Yes No No 

Rotten edges No No No No No 

Bruises Yes No No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 900 1 900 430 130 190 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Presence (Ct = 40.3) Presence (Ct = 40.4) Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Presence (Ct = 36.2) 

 

 



  

VIII 

 

Sample Identification 36 37 38 39 40 

Date of Acquisition 25/03/2014 25/03/2014 25/03/2014 26/03/2014 26/03/2014 

Place of Acquisition Delhaize Delhaize Delhaize Carrefour Carrefour 

Cultivar Butterhead  Multicolor Trio Romaine Lollo Bionda Lollo Rossa 

Brand Delhaize Bio Flandria Taste of Inspirations Flandria Flandria 

Origin France Belgium Spain Belgium Belgium 

Packing Closed plastic bag Open plastic bag Closed plastic bag Open plastic bag Open plastic bag 

Unit Price 1.99€ 1.29€ 1.99€ 1.09€ 1.00€ 

Further Observations Biological product - - - - 

Appearance           

Dirty with soil No Yes No Yes Yes 

Sold in soil No Yes No Yes Yes 

Rotten edges No No No No Yes 

Bruises Yes No No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 14 000 65 000 10 3 300 910 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Presence (Ct = 37.6) Absence Absence Absence 

O 157 Absence Absence Presence (Ct = 39.1/39.3) Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 

 



  

IX 

 

Sample Identification 41 42 43 44 45 

Date of Acquisition 26/03/2014 26/03/2014 31/03/2014 31/03/2014 31/03/2014 

Place of Acquisition Carrefour Carrefour Colruyt Colruyt Colruyt 

Cultivar Green Oakleaf Red Oakleaf Green Oakleaf Red Oakleaf Lollo Bionda 

Brand Flandria Flandria Flandria Flandria Flandria 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic bag Open plastic bag Open plastic bag Open plastic bag Open plastic bag 

Unit Price 1.09€ 1.09€ 0.98€ 0.98€ 0.99€ 

Further Observations -  - Kept in a cold room Kept in a cold room Kept in a cold room 

Appearance           

Dirty with soil Yes No Yes No Yes 

Sold in soil Yes Yes Yes Yes Yes 

Rotten edges No Yes No No No 

Bruises No No Yes No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 5 100 530 720 900 4 320 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Presence (Ct = 38.7) Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 

 



  

X 

 

Sample Identification 46 47 48 49 50 

Date of Acquisition 31/03/2014 31/03/2014 31/03/2014 01/04/2014 01/04/2014 

Place of Acquisition Colruyt Colruyt Colruyt Delhaize Delhaize 

Cultivar Multicolor Trio Butterhead Mini Romaine Romaine Multicolor Trio 

Brand Flandria - Deilor Taste of Inspirations Fladria 

Origin Belgium Belgium Spain Spain Belgium 

Packing Open plastic bag Open plastic box Closed plastic box Closed plastic bag Open plastic bag 

Unit Price 0.99€ 0.69€ 1.49€ 2.29€ 0.99€ 

Further Observations Kept in a cold room Kept in a cold room Kept in a cold room  - - 

Appearance           

Dirty with soil Yes Yes No No Yes 

Sold in soil Yes No No No Yes 

Rotten edges No No No No No 

Bruises No Yes No Yes No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 180 660 1 780 140 160 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Presence (Ct = 37.9) Absence Absence 

O 157 Absence Presence (Ct = 40.1) Presence (Ct = 38.8) Presence (Ct = 39.7) Presence (Ct = 39.9) 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 

 



  

XI 

 

APPENDICES 2: SAMPLES RETRIEVED FROM INDEPENDENT STORES 

Sample Identification 51 52 53 54 55 

Date of Acquisition 25/02/2014 25/02/2014 25/02/2014 25/02/2014 25/02/2014 

Place of Acquisition Fruit4You Fruit4You Fruit4You Fruit4You Fruit4You 

Cultivar Lollo Rossa Green Oakleaf Lollo Bionda Butterhead Red Oakleaf 

Brand Flandria - Flandria - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic bag Open plastic box Open plastic bag Open plastic box Open plastic bag 

Unit Price 1.20€ 1.00€ 1.00€ 0.99€ 1.00€/ 

Further Observations  - - -- - - 

Appearance           

Dirty with soil Yes No Yes No Yes 

Sold in soil Yes No Yes No Yes 

Rotten edges No Yes No No Yes 

Bruises No No No No Yes 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 1 300 22 600 590 30 3 080 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 



  

XII 

 

Sample Identification 56 57 58 59 60 

Date of Acquisition 04/03/2014 04/03/2014 04/03/2014 04/03/2014 04/03/2014 

Place of Acquisition Fruit4You Fruit4You Fruit4You Fruit4You Fruit4You 

Cultivar Lollo Rossa Green Oakleaf Lollo Bionda Butterhead Red Oakleaf 

Brand Flandria Flandria Flandria - Flandria 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic bag Open plastic bag Open plastic bag Open plastic box Open plastic bag 

Unit Price 1.20€ 1.00€ 1.20€ 0.99€ 1.00€ 

Further Observations  - - - - - 

Appearance           

Dirty with soil No Yes Yes No Yes 

Sold in soil Yes Yes Yes No Yes 

Rotten edges Yes No Yes No No 

Bruises No No No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 1 600 18 800 9 200 30 14 700 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Presence (Ct = 39.6) Absence Presence (Ct = 38.7) 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 

 



  

XIII 

 

Sample Identification 61 62 63 64 65 

Date of Acquisition 10/03/2014 10/03/2014 11/03/2014 11/03/2014 11/03/2014 

Place of Acquisition Halil Market Bvba Halil Market Bvba Fruit4You Fruit4You Fruit4You 

Cultivar Butterhead Romaine Butterhead Green Oakleaf Red Oakleaf 

Brand - Behr Gemusegarten - Flandria Flandria 

Origin  - Spain Belgium Belgium Belgium 

Packing Open plastic box Closed plastic bag Open plastic box Open plastic bag Open plastic bag 

Unit Price 0.50€ 0.65€ 0.99€ 0.99€ 0.99€ 

Further Observations - - - - - 

Appearance           

Dirty with soil No No No Yes Yes 

Sold in soil No No No Yes Yes 

Rotten edges Yes Yes No No No 

Bruises Yes Yes No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 550 20 200 1 600 260 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Presence (Ct = 34.2) Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 

 



  

XIV 

 

Sample Identification 66 67 68 69 70 

Date of Acquisition 11/03/2014 11/03/2014 18/03/2014 18/03/2014 18/03/2014 

Place of Acquisition Fruit4You Fruit4You Fruit4You Fruit4You Fruit4You 

Cultivar Lollo Bionda Lollo Rossa Butterhead Green Oakleaf Red Oakleaf 

Brand Flandria Flandria - - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic bag Open plastic bag Open plastic box Open plastic box Open plastic box 

Unit Price 0.99€ 0.99€ 0.99€ 0.79€ 0.79€ 

Further Observations  - - - - - 

Appearance           

Dirty with soil Yes Yes No No No 

Sold in soil Yes Yes No No No 

Rotten edges No No Yes No No 

Bruises No No No Yes Yes 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 20 220 1 800 630 100 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Presence (Ct = 39.9) Absence Presence (Ct = 40.1) 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 

 



  

XV 

 

Sample Identification 71 72 73 74 75 

Date of Acquisition 18/03/2014 18/03/2014 25/03/2014 25/03/2014 25/03/2014 

Place of Acquisition Fruit4You Fruit4You Fruit4You Fruit4You Fruit4You 

Cultivar Lollo Bionda Lollo Rossa Butterhead Green Oakleaf Romaine  

Brand Flandria Flandria - Flandria - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic bag Open plastic bag Open plastic box Open plastic bag Open plastic box 

Unit Price 0.79€ 0.79€ 0.69€ 0.79€ 1.00€ 

Further Observations -  - - - - 

Appearance           

Dirty with soil Yes No No Yes No 

Sold in soil Yes Yes No Yes No 

Rotten edges Yes No No No No 

Bruises No No No No Yes 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 20 2 100 170 57 000 11 400 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Presence (Ct = 34.6) Absence Absence Absence 

O 157 Absence Presence (Ct = 39.7) Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 

 



  

XVI 

 

Sample Identification 76 77 78 79 80 

Date of Acquisition 25/03/2014 25/03/2014 25/03/2014 01/04/2014 01/04/2014 

Place of Acquisition Fruit4You Fruit4You Fruit4You Fruit4You Fruit4You 

Cultivar Red Oakleaf Lollo Bionda Lollo Rossa Lollo Bionda Red Oakleaf 

Brand Flandria Flandria Flandria Flandria - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic bag Open plastic bag Open plastic bag Open plastic bag Open plastic box 

Unit Price 0.79€ 0.79€ 0.79€ 0.69€ 0.69€ 

Further Observations  - - - - - 

Appearance           

Dirty with soil No Yes Yes No No 

Sold in soil Yes Yes Yes Yes No 

Rotten edges No No No Yes No 

Bruises No No No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 400 730 1 170 16 100 150 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Presence (Ct = 40.2) Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Presence (Ct = 32.0) Presence (Ct = 39.1) Absence Absence Absence 

  

 



  

XVII 

 

Sample Identification 81 82 83 84 85 

Date of Acquisition 01/04/2014 01/04/2014 01/04/2014 01/04/2014 08/04/2014 

Place of Acquisition Fruit4You Fruit4You Fruit4You Fruit4You Karanfil 1 

Cultivar Multicolor Trio Lollo Rossa Green Oakleaf Butterhead Butterhead 

Brand Flandria Flandria Flandria - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic bag Open plastic bag Open plastic bag Open plastic box Open plastic box 

Unit Price 0.69€ 0.69€ 0.69€ 0.69€ 0.94€ 

Further Observations -  - - - Kept in cold room 

Appearance           

Dirty with soil No No Yes No No 

Sold in soil Yes Yes Yes No No 

Rotten edges No No No No No 

Bruises No No No No Yes 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 14 000 700 330 730 2 300 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 

 



  

XVIII 

 

Sample Identification 86 87 88 89 90 

Date of Acquisition 08/04/2014 08/04/2014 08/04/2014 09/04/2014 09/04/2014 

Place of Acquisition De Eiffeltoren De Eiffeltoren De Eiffeltoren Rabot Supermarket Rabot Supermarket 

Cultivar Butterhead Lollo Bionda Lollo Rossa Butterhead Lollo Bionda 

Brand - - - - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic box Open plastic box Open plastic box Open plastic box Open plastic box 

Unit Price 0.70€ 0.70€ 1.80€ 0.79€ 0.99€ 

Further Observations -  - - Kept in cold room Kept in cold room 

Appearance           

Dirty with soil No No No No No 

Sold in soil No No No No No 

Rotten edges No Yes No Yes Yes 

Bruises No No No No Yes 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 980 290 1 120 1 090 30 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Presence (Ct = 40.3) Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 

 



  

XIX 

 

Sample Identification 91 92 93 94 95 

Date of Acquisition 09/04/2014 09/04/2014 09/04/2014 28/04/2014 28/04/2014 

Place of Acquisition Rabot Supermarket Rabot Supermarket Papatya ‘t Fruithoekje Papatya 

Cultivar Romaine Multicolor Trio Butterhead Romaine Butterhead 

Brand - Flandria - - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic box Open plastic bag Open plastic box Open plastic box Open plastic box 

Unit Price 0.99€ 0.99€ 1.00€ 0.90€ 1.00€ 

Further Observations Kept in cold room Kept in cold room -  2 days in the fridge 2 days in the fridge 

Appearance           

Dirty with soil No No No No No 

Sold in soil No Yes No No No 

Rotten edges Yes No No Yes Yes 

Bruises No No No Yes No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 40 6 700 1 050 5 200 5 500 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Presence (Ct = 37.3) Absence Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 

 



  

XX 

 

Sample Identification 96 97 98 99 100 

Date of Acquisition 30/04/2014 30/04/2014 30/04/2014 30/04/2014 25/05/2014 

Place of Acquisition Fruit4You Fruit4You Fruit4You Fruit4You Halil Markt 

Cultivar Butterhead Lollo Bionda Lollo Rossa Red Oakleaf Lollo Bionda 

Brand - Flandria Flandria Flandria - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic box Open plastic bag Open plastic bag Open plastic bag Open plastic box 

Unit Price 0.79€ 0.69€ 0.69€ 0.69€ 1.00€ 

Further Observations -  - - - 
Kept in cold room;  
1 day in the fridge 

Appearance           

Dirty with soil Yes No No No No 

Sold in soil No Yes Yes Yes No 

Rotten edges No No No No Yes 

Bruises No No No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 30 

Total Coliforms 680 750 630 3 500 76 000 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Presence (Ct = 37.2) Absence Absence Absence 

O 157 Absence Absence Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Presence (Ct = 37.2) Absence Absence Absence 

 

 



  

XXI 

 

APPENDICES 3: SAMPLES RETRIEVED FROM OPEN MARKETS 

Sample Identification 101 102 103 104 105 

Date of Acquisition 27/02/2014 12/03/2014 01/04/2014 01/04/2014 01/04/2014 

Place of Acquisition Vogelenzang Rerum Novarumplein Bio Mijn Natuur Bio Mijn Natuur Bio Mijn Natuur 

Cultivar Butterhead Butterhead Butterhead Green Batavia Red Oakleaf 

Brand - - - - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic box Open plastic box Open plastic box Open plastic box Open plastic box 

Unit Price 0.90€ 1.00€ 1.80€ 1.85€ 1.80€ 

Further Observations Sold under the rain  - 
Biological product; 
3 days in the fridge 

Biological product; 
3 days in the fridge 

Biological product; 
3 days in the fridge 

Appearance           

Dirty with soil Yes Yes No No No 

Sold in soil No No No No No 

Rotten edges No No No No No 

Bruises Yes No No Yes No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 530 50 70 9 000 1 850 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Presence (Ct = 40.5) Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 



  

XXII 

 

  

Sample Identification 106 107 108 109 110 

Date of Acquisition 01/04/2014 03/04/2014 03/04/2014 03/04/2014 03/04/2014 

Place of Acquisition Bio Mijn Natuur Flandria stand, Bruges Flandria stand, Bruges Bio stand, Bruges Bio stand, Bruges 

Cultivar Green Oakleaf Butterhead Red Oakleaf Butterhead Red Oakleaf 

Brand - Flandria Flandria - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic box Open plastic box Open plastic box Open plastic box Open plastic box 

Unit Price 1.55€ 1.00€ 1.00€ 1.99€ 1.99€ 

Further Observations 
Biological product; 
3 days in the fridge 

2 days in the fridge 2 days in the fridge 
Biological product;  
2 days in the fridge 

Biological product;  
2 days in the fridge 

Appearance           

Dirty with soil No No No No No 

Sold in soil No No Yes  No  No 

Rotten edges No No No  No  No 

Bruises No No No  No  No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 2 310 8 200 160 280 2 200 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Presence (Ct = 36.9) Absence Absence Absence Absence 

O 157 Absence Absence Absence Presence (Ct = 40.2) Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 



  

XXIII 

 

 

Sample Identification 111 112 113 114 115 

Date of Acquisition 03/04/2014 03/04/2014 03/04/2014 03/04/2014 04/05/2014 

Place of Acquisition Stand 3, Bruges Stand 3, Bruges Stand 3, Bruges Stand 3, Bruges Sint-Michielsplein 

Cultivar Lollo Bionda Lollo Rossa Lollo Rossa Lollo Rossa Romaine 

Brand - - - Flandria - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic box Open plastic box Open plastic box Open plastic bag Open plastic box 

Unit Price 1.00€ 1.00€ 1.00€ 1.00€ 0.80€ 

Further Observations 2 days in the fridge 2 days in the fridge 2 days in the fridge 2 days in the fridge 1 day in the fridge 

Appearance           

Dirty with soil No No No Yes No 

Sold in soil No No No Yes No 

Rotten edges Yes Yes Yes No Yes 

Bruises Yes No Yes No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 10 2 600 140 100 0 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 

 



  

XXIV 

 

 

Sample Identification 116 117 118 119 120 

Date of Acquisition 04/05/2014 04/05/2014 04/05/2014 04/05/2014 04/05/2014 

Place of Acquisition Sint-Michielsplein Sint-Michielsplein Sint-Michielsplein Sint-Michielsplein Sint-Michielsplein 

Cultivar Butterhead Red Oakleaf Green Oakleaf Lollo Bionda Lollo Rossa 

Brand - - - - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic box Open plastic box Open plastic box Open plastic box Open plastic box 

Unit Price 0.80€ 0.80€ 0.80€ 0.80€ 0.80€ 

Further Observations 1 day in the fridge 1 day in the fridge 1 day in the fridge 1 day in the fridge 1 day in the fridge 

Appearance           

Dirty with soil No No No No No 

Sold in soil No No No No No 

Rotten edges No No No No No 

Bruises Yes No No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 5 400 11 700 2 200 11 600 6 400 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 
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Sample Identification 121 122 123 124 125 

Date of Acquisition 09/05/2014 09/05/2014 09/05/2014 11/05/2014 11/05/2014 

Place of Acquisition Bio Mijn Natuur Bio Mijn Natuur Bio Mijn Natuur Bio Mijn Natuur Sint-Michielsplein 

Cultivar Green Oakleaf Red Oakleaf Butterhead Romaine Lollo Bionda 

Brand - - - - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic box Open plastic box Open plastic box Open plastic box Open plastic box 

Unit Price 1.55€ 1.65€ 1.65€ 1.85€ 1.00€ 

Further Observations 
Biological product;  
3 days in the fridge 

Biological product;  
3 days in the fridge 

Biological product;  
3 days in the fridge 

Biological product;  
3 days in the fridge 

1 day in the fridge 

Appearance           

Dirty with soil No No No No No 

Sold in soil No No No No No 

Rotten edges Yes No No No Yes 

Bruises Yes No No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 20 < 10 

Total Coliforms 23 000 890 5 300 120 31 000 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 
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Sample Identification 126 127 128 129 130 

Date of Acquisition 11/05/2014 11/05/2014 11/05/2014 11/05/2014 16/05/2014 

Place of Acquisition Sint-Michielsplein Sint-Michielsplein Sint-Michielsplein Sint-Michielsplein Karelsfruit 

Cultivar Green Oakleaf Red Oakleaf Butterhead Lollo Rossa Butterhead 

Brand - - - - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic box Open plastic box Open plastic box Open plastic box Open plastic box 

Unit Price 1.00€ 1.00€ 1.00€ 1.00€ 1.00€ 

Further Observations 1 day in the fridge 1 day in the fridge 1 day in the fridge 1 day in the fridge 3 days in the fridge 

Appearance           

Dirty with soil No No No No No 

Sold in soil No No No No No 

Rotten edges No No No No Yes 

Bruises No No Yes No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 < 10 

Total Coliforms 83 000 13 000 5 300 37 000 270 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 
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Sample Identification 131 132 133 134 135 

Date of Acquisition 16/05/2014 16/05/2014 16/05/2014 16/05/2014 16/05/2014 

Place of Acquisition De Patisson De Patisson De Patisson Bio Mijn Natuur Bio Mijn Natuur 

Cultivar Butterhead Red Oakleaf Green Oakleaf Butterhead Green Oakleaf 

Brand - - - - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic box Open plastic box Open plastic box Open plastic box Open plastic box 

Unit Price 1.45€ 1.45€ 1.45€ 1.85€ 1.55€ 

Further Observations 3 days in the fridge 3 days in the fridge 3 days in the fridge 
Biological product;  
3 days in the fridge 

Biological product; 
3 days in the fridge 

Appearance           

Dirty with soil Yes No Yes No No 

Sold in soil No No No No No 

Rotten edges No No No No No 

Bruises Yes No No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 < 10 30 

Total Coliforms 134 000 1 800 3 400 90 20 000 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 
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Sample Identification 136 137 138 139 140 

Date of Acquisition 16/05/2014 16/05/2014 18/05/2014 18/05/2014 18/05/2014 

Place of Acquisition Bio Mijn Natuur Bio Mijn Natuur Sint-Michielsplein Sint-Michielsplein Sint-Michielsplein 

Cultivar Red Oakleaf Romaine Red Oakleaf Lollo Bionda Lollo Rossa 

Brand - - - - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic box Open plastic box Open plastic box Open plastic box Open plastic box 

Unit Price 1.55€ 1.55€ 1.00€ 1.00€ 1.00€ 

Further Observations 
Biological product; 
3 days in the fridge 

Biological product; 
3 days in the fridge 

2 days in the fridge 2 days in the fridge 2 days in the fridge 

Appearance           

Dirty with soil No No No No No 

Sold in soil No No No No No 

Rotten edges No No No No No 

Bruises No Yes No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli 20 < 10 10 20 < 10 

Total Coliforms 5 700 490 14 400 24 400 27 000 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 
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Sample Identification 141 142 143 144 145 

Date of Acquisition 18/05/2014 23/05/2014 23/05/2014 23/05/2014 23/05/2014 

Place of Acquisition Sint-Michielsplein Karelsfruit Bio Mijn Natuur Bio Mijn Natuur Bio Mijn Natuur 

Cultivar Butterhead Butterhead Green Oakleaf Lollo Bionda Green Batavia 

Brand - - - - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic box Open plastic box Open plastic box Open plastic box Open plastic box 

Unit Price 1.00€ 1.00€ 1.55€ 1.55€ 1.55€ 

Further Observations 2 days in the fridge 3 days in the fridge 
Biological product;  
3 days in the fridge 

Biological product; 
3 days in the fridge 

Biological product; 
3 days in the fridge 

Appearance           

Dirty with soil No No No No No 

Sold in soil No No No No No 

Rotten edges No No No No No 

Bruises No Yes No Yes Yes 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli 430 < 10 < 10 10 < 10 

Total Coliforms 4 700 7 700 7 300 65 000 5 500 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Absence Absence Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Presence (Ct = 40.2) 
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Sample Identification 146 147 148 149 150 

Date of Acquisition 23/05/2014 23/05/2014 23/05/2014 25/05/2014 25/05/2014 

Place of Acquisition De Patisson De Patisson De Patisson Sint-Michielsplein Sint-Michielsplein 

Cultivar Red Oakleaf Green Oakleaf Butterhead Lollo Rossa Lollo Bionda 

Brand - - - - - 

Origin Belgium Belgium Belgium Belgium Belgium 

Packing Open plastic box Open plastic box Open plastic box Open plastic box Open plastic box 

Unit Price 1.00€ 1.00€ 2.80€ 1.00€ 1.00€ 

Further Observations 3 days in the fridge 3 days in the fridge 3 days in the fridge 1 day in the fridge 1 day in the fridge 

Appearance           

Dirty with soil Yes Yes No No No 

Sold in soil No No No No No 

Rotten edges No No Yes No No 

Bruises Yes Yes No No No 

Enumeration (CFU/g)           

Campylobacter spp. < 10 < 10 < 10 < 10 < 10 

Listeria monocytogenes < 10 < 10 < 10 < 10 < 10 

E. coli < 10 < 10 < 10 20 260 

Total Coliforms 122 000 580 000 6 500 244 000 107 000 

Detection (in 25g)           

Campylobacter spp. Absence Absence Absence Absence Absence 

Salmonella spp. Absence Absence Absence Absence Absence 

O 157 Absence Absence Absence Presence (Ct = 25.3/25.2) Absence 

Stx Absence Absence Absence Absence Absence 

eae Absence Absence Absence Absence Absence 
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