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Summary   

In recent years an increasing number of fresh fruits and vegetables have been linked to foodborne illness 

cases and outbreaks worldwide. The aim of this survey was to investigate the prevalence of L. 

monocytogenes, Salmonella spp. and Escherichia coli (an indicator of faecal contamination) in commonly 

consumed fruits and vegetables in the Republic of Ireland. A total of 838 samples of ready-to-eat (RTE) 

whole (uncut) unprocessed fruits and vegetables, consisting of tomatoes (n=248), peppers (n=138), 

cucumbers (n=103), blueberries (n=142), raspberries (n=87), strawberries (n=77) and blackberries (n=43) 

were sampled. These samples were collected during a four-month period in 2016 by the Health Service 

Executive (HSE) and the Department of Agriculture, Food and the Marine (DAFM). They were sampled from 

primary producers, packers, distributors, wholesalers and retail sectors in the Republic of Ireland. The 

microbiological analyses were performed by seven laboratories of the Health Service Executive accredited 

to ISO 17025. The results revealed that none of the samples tested had ‘unsatisfactory’ levels of any of the 

three microorganisms. This finding indicates that the surveyed categories of fresh produce produced and on 

sale in Ireland is of good microbiological quality and suggests that good hygiene practices are carried out 

along the Irish food supply chain. Despite the satisfactory results of this study, the report discusses recent 

evidence of the ability of these bacterial species not only to survive but also to grow in and on whole fresh 

produce products even at refrigeration storage temperatures. The report includes examples of international 

outbreaks associated with the consumption of RTE vegetables and berries, and provides data from 

prevalence studies of bacterial contamination in fresh produce carried out in other countries.  
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Introduction 

The consumption of fresh produce such as fruit, vegetables and leafy greens, has increased globally over 

the last 20 years (Olaimat and Holley, 2012). They are an essential part of a healthy lifestyle with current 

nutritional advice advocating a diet containing at least five to seven 80g portions of fruit and vegetables a 

day. While the majority of foodborne outbreaks are still attributed to foods of animal origin (FoAO), the 

incidence of foodborne outbreaks related to consumption of fresh produce has been increasing in recent 

years demonstrating the importance of food safety along the production chain for primary produce (Berger 

et al., 2010, Callejón et al., 2015). The European Food Safety Authority (EFSA) Scientific Opinion on the risk 

posed by pathogens in food of non-animal origin (FoNAO) found that from 2008 to 2011, there was an 

increase in the numbers of reported outbreaks (from 22 to 62), cases (from 794 to 5521), hospitalisations 

(from 92 to 2557) and deaths (from zero in 2008 and 2009, to 2 in 2010, and 54 in 2011) associated with 

FoNAO (EFSA BIOHAZ, 2013). The BIOHAZ panel noted that trends on data on FoNAO are strongly 

influenced by including data from the 2011 verocytotoxigenic E. coli (VTEC) O104 outbreak in Germany 

associated with contaminated sprouted seed consumption. The trends in FoNAO data from 2008 to 2011 

coincided with a decrease in the numbers of reported outbreaks (from 658 to 208), cases (from 8753 to 3439) 

and hospitalisations (from 1396 to 564) associated with FoAO. However, the number of reported deaths 

where FoAO was implicated increased from 8 in 2008 to 24 in 2011 (EFSA BIOHAZ, 2013). In general, trends 

in the data showed that outbreaks associated with FoNAO tend to involve more cases and to be less severe 

(i.e. lower proportion of hospitalisations and deaths) than those associated with FoAO (EFSA BIOHAZ, 2013). 

The data compiled by the BIOHAZ panel was used to develop a multi criteria analysis model to identify and 

rank specific food/pathogen combinations most often linked to human cases originating from FoNAO in the 

EU (EFSA BIOHAZ, 2013). Seven criteria were used in the EFSA model which were: (1) the strength of 

association between food and pathogen, (2) the incidence of illness, (3) the burden of disease, (4) the dose-

response relationship, (5) the consumption, (6) the prevalence of contamination and (7) the pathogen growth 

potential during shelf-life. The top ranking food/pathogen combination was Salmonella spp. and leafy greens 

eaten raw followed by (in equal rank) Salmonella spp. and tomatoes, Salmonella spp. and bulb and stem 

vegetables, Salmonella spp. and melons, and pathogenic Escherichia coli and fresh pods, legumes and 

grains. 

Food consumption data in Ireland 

A large proportion of fresh produce is consumed raw, with or without skins, and as such, the presence of 

pathogens represents a serious risk to public health. Examination of food consumption data between October 

2008 and April 2010 from the National Adult Nutrition Survey (IUNA, 2011) revealed that tomatoes, peppers 

(green, red and yellow bell peppers and chilli peppers) and cucumbers were the most popular food items 

eaten raw by consumers in Ireland (Table 1). Raw strawberries and blueberries were the most frequently 

consumed berries followed by raspberries while blackberries were the least commonly consumed.  
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Table 1: Frequency of consumption of raw tomatoes, peppers, cucumbers and berries in Ireland 
according to the National Adult Nutrition Survey* (IUNA, 2011) 
 

Food item Total eating 
occasions 

over a 4-day 
period 

Number of days food eaten by survey participants: 

Eaten on 1 of 
4 days 

surveyed 

Eaten on 2 of 
4 days 

surveyed 

Eaten on 3 of 
4 days 

surveyed 

Eaten on 4 of 
4 days 

surveyed 

All tomatoes, raw 1498 460 230 93 44 

Green, Red, Yellow, 
Chilli Peppers, raw 

535 324 76 12 1 

Cucumbers, raw 280 119 42 18 3 

Strawberries, raw 184 83 54 30 1 

Blueberries, raw 111 19 26 6 6 

Raspberries, raw 42 13 14 4 0 

Blackberries, raw 8 5 0 3 0 

*Between October 2008 and April 2010, a sample of 1,500 adults (men 740, women 760) aged between 18-90 years from across 

the Republic of Ireland took part in the National Adult Nutrition Survey. Food intake was determined using a four day semi-

weighed food record. 

Outbreaks of foodborne illness and contamination incidents 

A number of foodborne outbreaks and contamination incidents have been attributed to RTE salad vegetables 

and fresh berries (Appendix 1). A good illustration of potential risks is given by an outbreak of pathogenic E. 

coli O157:H7 registered in Oregon (USA) in 2011 and associated with the consumption of contaminated fresh 

strawberries caused by deer defecating in open production fields (Laidler et al., 2013). In June 2018, an 

outbreak in the United States of pathogenic E. coli O157:H7 in Romaine lettuce from the Yuma growing 

region involving 210 cases consisting of 96 hospitalisations, 27 of which involved haemolytic urea syndrome 

and 5 deaths which were linked to contaminated canal water used for irrigation (CDC, 2018). In October 

2018, a further thirteen people were hospitalised with one person developing haemolytic urea syndrome and 

kidney failure from pathogenic E. coli O157:H7 strain linked to Romaine lettuce and leafy greens. This led to 

the US CDC issuing a food safety alert in November 2018 advising U.S. consumers not to eat any romaine 

lettuce, and advising retailers and restaurants not to serve or sell these products until the source of the 

outbreak could be traced (CDC, 2018b). A search of the European Rapid Alert System for Food and Feed 

(RASFF) for RTE salad vegetables and fresh berries found that from January 2013 to August 2017, there 

has been 1 foodborne outbreak suspected to be caused by shigatoxin-producing E. coli (stx+, eae+, 3100 

CFU/g) in rucola from Denmark, via Sweden (2016) and 1 foodborne outbreak notification suspected to be 

caused by cherry tomatoes from Morocco (pathogen not reported) (2014). There has been 1 notification on 

high counts of E. coli (7.2 × 105 CFU/g) in raspberries from Spain, via the Netherlands (2015), 1 notification 

on shigatoxin-producing E. coli (presence/25 g) in cherry tomatoes from Morocco, via France (2014) and 2 

notifications issued for Salmonella in frozen tomatoes both originating from Spain (2013 and 2015)2.  

Potential sources of contamination 

Environmental factors, in particular climatic conditions (e.g. heavy rainfall) that increase the transfer of 

microorganisms from sewage effluents or from agricultural slurry and manure to irrigation water sources or 

fields; the use of contaminated agricultural water either for irrigation or for the application of agricultural 

                                                 
2 Source: RASFF portal at https://webgate.ec.europa.eu/rasff-window/portal/?event=SearchForm&cleanSearch=1 

https://webgate.ec.europa.eu/rasff-window/portal/?event=SearchForm&cleanSearch=1
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chemicals and contamination and cross-contamination by harvesters, food handlers and equipment at 

harvest or post-harvest represent the greatest risk of contamination of fresh produce (EFSA BIOHAZ, 2014a, 

b). Water quality is also important for activities such as humidification of greenhouses, hand washing by 

workers and cleaning/washing/rinsing operations. In the case of hydroponic production, water is used for 

both irrigation and as the growth medium, and may, therefore present a high risk of microbiological surface 

and internal contamination (EFSA BIOHAZ, 2013). For all fresh produce that is usually eaten raw/uncooked, 

water which is to be applied by irrigation or used to make-up pesticides and biocides within two weeks of 

harvest should be of potable water quality (Monaghan and Hutchinson, 2009; FSAI, 2008; 2016). In 2016, 

the FSAI published a guidance note covering the good hygiene practices and good agricultural practices 

involved in the production of fresh produce, i.e. fruit, vegetables, herbs etc., at the primary production level 

in Ireland with a specific chapter on water and how water can be risk assessed. 

Fresh berries such as strawberries, raspberries, blackberries and blueberries are a perishable food which 

can be consumed fresh or minimally-processed as well as, as a frozen ingredient added to many foods. 

Fresh berries are usually manually harvested by picking directly and placing in their final packaging for sale 

to caterers or consumers, and are not normally subject to physical interventions that eliminate or substantially 

reduce the occurrence of foodborne pathogens (EFSA BIOHAZ, 2014a). As wild and domestic animals ‒

including mammals, birds, reptiles and insects‒ are also vehicles of pathogenic bacteria such as VTEC and 

Salmonella, the main mitigation options for reducing the risk of contamination of fresh produce are to prevent 

direct contact with faeces as well as indirect contact through slurries, sewage, sewage sludge, and 

contaminated soil, water, harvesting equipment or food contact surfaces (EFSA BIOHAZ Panel, 2014a). 

Farm workers and primary producers of horticultural products have an important impact on the 

microbiological safety of the produce they handle as the lack of good hygienic practice can lead to cross-

contamination (De Roever, 1998; Bassett and McClure, 2008).  

Appendix 2 includes a compilation of international studies investigating the prevalence of Salmonella, E. coli 

and L. monocytogenes in whole fresh tomatoes, cucumbers, peppers and berries. 

EU Legislation and Recommendations made by the EFSA BIOHAZ Panel 

The current legal European framework includes food safety criteria for L. monocytogenes in RTE food, 

including fruit and vegetables (Commission Regulation (EC) 2073/2005), as amended. According to footnote 

4 for food category 1.3 in the aforementioned regulation, regular testing for L. monocytogenes in normal 

circumstances is not required for fresh, uncut and unprocessed vegetables and fruits. The Regulation does 

not include microbiological criteria for Salmonella or E. coli for fresh, uncut (whole) and unprocessed fruits 

and vegetables however in Ireland; we have guideline limits for these microorganisms in RTE food, including 

fruit and vegetables (FSAI, 2014a). 

In 2014, an EFSA Scientific Opinion on the risk posed by Salmonella in berries concluded that there is 

currently insufficient evidence to justify the establishment of a food safety criterion for Salmonella for fresh 

and minimally processed berries (EFSA BIOHAZ, 2014a). A separate EFSA Scientific Opinion on the risk 

posed by Salmonella in tomatoes concluded that a food safety criterion for Salmonella in whole tomatoes 

could be considered as a tool to communicate to producers and processors that Salmonella should not be 

present in the product (EFSA BIOHAZ, 2014b). With regard to E. coli and due to the current lack of data, the 
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EFSA BIOHAZ Panel was unable to assess the suitability of an EU process hygiene criterion for E. coli at 

primary production of berries and tomatoes (EFSA BIOHAZ, 2014a, b). The BIOHAZ Panel recommended 

studies to collect further data to evaluate the suitability of E. coli criteria at both primary production and during 

minimal processing of tomatoes. E. coli is typically found in the intestinal tracts and in the faeces of warm-

blooded animals, including humans, and, as such, is often used as an indicator microorganism of faecal 

contamination. Therefore, E. coli could be used to monitor hygiene in whole fresh produce which is frequently 

eaten raw as unsatisfactory levels could indicate that other pathogenic microorganisms may be present 

whether they are bacterial (e.g. Salmonella, Shigella, Campylobacter) or viral (e.g. hepatitis A, norovirus, 

rotavirus). 

Aim of the Survey 

The aim of this survey was to investigate the microbiological quality and safety of selected types of RTE 

whole (uncut) unprocessed fresh fruit and vegetables in Ireland. The survey included any variety of tomatoes, 

cucumbers, peppers, blueberries, raspberries, strawberries and blackberries3. 

Methods 

Sample collection 

Table 2: Specific details of the collected samples 

 

  EHOs (HSE)  Horticulture and Plant Health Division (DAFM) 
Collection 

period 
 Between 2nd August and 30th November 2016 (inclusive) 

Sample type  
Fresh whole unprocessed tomatoes, cucumbers, peppers, blueberries, raspberries, 

strawberries and blackberries (any variety) 

Pre-packaged  Yes  No 

Type of 
establishments 

 

▪ Supermarkets and 
corner shops 

▪ Green-grocers and 
health food shops 

▪ Market stalls and 
roadside stalls 

▪ Discount retailers 
▪ Retail shops in 

hospitals 
▪ Packers, distributors 

and wholesalers 

 Primary Producers 

Origin  
Imported and Irish 

grown 
 Irish grown 

Sample size  

▪ Single samples (n=1) 
from retailers 

▪ Batch samples (n=5) 
from packers, 

distributors and 
wholesalers 

 Batch samples (n=5) 

  

                                                 
3 Technically, tomatoes, cucumbers and peppers are fruits, not vegetables. Fruits are the seed-bearing parts of flowering plants 

that come from the flower’s ovary after flowering. However, it is quite common to refer to cucumbers, tomatoes and peppers as 
vegetables.  
 
All samples were considered RTE and fell into EU food category 08 ‘Fruit and Vegetables’ as specified in FSAI Guidance Note 2 
(FSAI, 2001). 
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Sample analysis and Interpretation of results 

Table 3 summarises the sample analysis and the interpretation of the results for the survey. 

Table 3: Sample analysis methods and the interpretation of results 

 

 At producer level  At retail, packer and distributor level 

Listeria 
monocytogenes 

▪ Legal criteria set in Regulation (EC) 
No 2073/2005, as amended. Results 

were assessed based on Food 
Category 1.2* due to FSAI Guidance 

Note 27 (FSAI, 2014b) 
▪ Method: EN/ISO 11290-1 

▪ Test: Presence/Absence in 25 g 
(n=5) 

▪ Interpretation of results and sample 
designation**: 

- Satisfactory: Absence in 25 g in 
any sample unit (n=5/5) 

- Unsatisfactory: Presence in 25 g in 
at least one sample unit (n=1/5) 

 

 

▪ Legal criteria set in Regulation (EC) No 
2073/2005, as amended. Results were assessed 
based on Food Category 1.3* due to footnote 4 
of category 1.3 in Regulation (EC) 2073 of 2005 

▪ Method: EN/ISO 11290-2 
▪ Test: Enumeration (n=1 or 5) 

▪ Interpretation of results and sample 
designation**: 

- Satisfactory: ≤100 CFU/g in all sample units 
(n=5/5) 

- Not designated: ≤100 CFU/g in the sample 
unit when n=1*** 

- Unsatisfactory: >100 CFU/g in at least one 
sample (n=1/5 or n=1/1) 

 

 At all levels 

Salmonella 
spp.**** 

▪ No legal criteria set in Regulation (EC) No 2073/2005, as amended. Results assessed against 
Guidance Note 3, Revision 2, Table 1 (FSAI, 2014a) 

▪ Method: EN/ISO 6579 
▪ Test: Presence/Absence in 25 g (n=1) 

▪ Interpretation of results and sample designation: 
- Satisfactory: Absence in 25 g 

- Unsatisfactory: Presence in 25 g 

Escherichia coli 

▪ No legal criteria set in Regulation (EC) No 2073/2005, as amended. Results assessed against 
Guidance Note 3, Revision 2, Table 4  (FSAI, 2014a) 

▪ Method: ISO 16649-1 or 2 
▪ Test: Enumeration (n=1) 

▪ Interpretation of results and sample designation: 
- Satisfactory: <20 CFU/g 

- Borderline: 20‒≤102 CFU/g 
- Unsatisfactory: >102 CFU/g 

* Food Category 1.2 – DAFM assessed samples against food category 1.2 (able to support growth) because FSAI Guidance Note 
27 (FSAI, 2014b) advises that where the food business operator (FBO) cannot demonstrate that their food is unable to support the 
growth of L. monocytogenes then it is presumed to fall into food category 1.2.  

Food Category 1.3 – HSE assessed samples against food category 1.3 (unable to support growth of Listeria monocytoegenes) 
because footnote 4 of food category 1.3 states that regular testing for L. monocytogenes is not required in normal circumstances 
for fresh, uncut and unprocessed vegetables and fruits. Note at retail level the limit for category 1.2 and 1.3 foods is the same (100 
CFU/g). The only difference is that in the case of food category 1.2, the FBO has to be able to show that if counts are found below 
100 CFU/g that the legal limit of 100 CFU/g will not be exceeded throughout the remaining shelf life of the product.  

** Sample designation under Commission Regulation (EC) No 2073/2005, as amended.  

*** This result complies with the limit as specified in Regulation (EC) No 2073/2005, as amended. However, where a single sample 
unit was taken for Monitoring and Surveillance purposes, the result cannot be designated as “satisfactory” under the Regulation 
(where the criterion includes a sampling plan of n=5).  

**** If isolated, serotyping, phage typing and/or pulse field gel electrophoresis were performed by the relevant reference laboratory. 

Survey questionnaire 

EHOs and staff from the DAFM Horticulture and Plant Health Division completed a survey questionnaire for 

each sample collected (see Appendix 3).   
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Results and Discussion 

Samples collected 

A total of 838 samples were collected in this survey. Figure 1 shows the percentages of each sample type 

(tomatoes, cucumbers, peppers, strawberries, blueberries, raspberries and blackberries) with respect to the 

total number of samples. The highest number of samples taken corresponded to tomatoes (n=248/838; 

29.6%) while the lowest number corresponded to blackberries (n=43/838; 5.1%).  

 

 

Figure 1: Breakdown of the total number of samples by sample type. 

 

Figure 2 shows the distribution of the samples based on the type of establishments from which they were 

collected. The majority of the samples were from the retail sector (n=751/838; 89.6%). 

 

 

Figure 2: Breakdown of the total number of samples based on the type of establishments where they were 

collected. 
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Microbiological results 

In total, 1162 tests were performed for L. monocytogenes and 846 tests for E. coli and Salmonella spp. (Table 

4). All the samples tested (n=838) were satisfactory for L. monocytogenes, E. coli and Salmonella spp. 

meaning that (i) L. monocytogenes was neither present (presence/absence test) nor at levels above the legal 

limit of 100 CFU/g (enumeration test) in any of the samples analysed. In fact, all the samples were below the 

limit of enumeration of the test (10 CFU/g), (ii) Salmonella spp. was not detected (presence/absence test) in 

any of the samples tested and (iii) the levels of E. coli in all the samples investigated were below 20 CFU/g 

(the limit of the enumeration test). 

Table 4: Breakdown of the total number of samples by sample type, microorganism and sample size 
(single sample vs. batch sample). The total number of microbiological test performed and 
unsatisfactory samples is also included. 

Listeria monocytogenes 

Sample size Sample type Totals 

Tomato Cucumber Pepper Strawberry Blueberry Raspberry Blackberry 

HSE Single 227 91 131 56 135 81 36 757 
Batcha 16 9 3 3 5 1 2 39 

DAFM Batcha 5 3 4 18 2 5 5 42          
Total no. 
samples 

248 103 138 77 142 87 43 838 

Total Tests 332 151 166 161 170 111 71 1162 

Unsatisfactory 0 0 0 0 0 0 0 0 

Salmonella spp. and E. coli 

Sample size Sample type Totals 

Tomato Cucumber Pepper Strawberry Blueberry Raspberry Blackberry 

HSE Single 242 100 133 59 140 82 38 794 
Batcha 1 - 1 - - - - 2 

DAFM Single 5 3 4 18 2 5 5 42          
Total no. 
samples 

248 103 138 77 142 87 43 838 

Total Tests 252 103 142 77 142 87 43 846 

Unsatisfactory 0 0 0 0 0 0 0 0 

a  A batch sample consists of 5 sample units and consequently entails 5 tests and results. 

Based on the literature, contamination of fresh produce with bacterial pathogens appears to be a rare event 

although it represents a real food safety risk given the increasing number of outbreaks in recent years. 

However, the previously low association between fresh produce and bacterial pathogens may have been 

due to foods of animal origin typically being suspected or blamed in the past, leading to an underestimation 

for the association between foodborne illness and these types of produce. Along with storage temperature 

and humidity, pH is a principal determinant of growth of bacterial microorganisms on fresh produce. Based 

on the growth limits for microbial pathogens detailed by the International Commission on Microbiological 

Specifications for Foods (ICMSF, 1996), Basset and McClure (2008) classified fruits into two categories: high 

acid fruit (pH≤4) where pathogen’s growth is unlikely to occur and low acid fruit (pH>4) where microbial 

growth is more likely to occur. According to the pH values reported by Bridges and Mattice (1939) and Basset 

and McClure (2008), blueberries, raspberries and strawberries would fall under the first category (high acid 

fruit) while blackberries, cucumbers, peppers and tomatoes fall under the second one (low acid fruit). This 

classification should be taken with caution, as other factors such as the soil characteristics where the produce 

has grown, the climatic conditions, cultivar variety (nutrient compositional differences) and the ripening stage 

are strongly related to the ability of pathogens to grow and survive. For instance, climacteric fruits (those that 
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can ripen after removal from the plant) such as tomato, bananas and apples, are more susceptible to 

microbial infection and spoilage as time from harvest increases (Brackett, 1997). This is attributed to a drop 

in acid content and a subsequent rise in pH over time. Examples of non-climacteric fruits are cucumbers, 

strawberries, grapes and citrus fruits. However, there is a lack of information on any (or no) relationship 

between climacteric fruits and pathogens levels (Basset and McClure, 2008). 

A recent study on the prevalence of bacterial contamination in fresh fruits and vegetables sold at retail in 

Canada performed by the Canadian Food Inspection Agency reported that no pathogens (L. monocytogenes, 

Salmonella spp., E. coli O157:H7 and Shigella spp.) or E. coli (at levels >100 CFU or MPN/g)4 were detected 

in the 4,837 samples of tomatoes or the 1,776 samples of berries (blueberries, strawberries, blackberries 

and raspberries) sampled during the survey period (from June 2009 to March 2013) (Denis et al., 2016). The 

Canadian results are consistent with the results obtained in the present survey. Similarly, the USDA's 

Microbiological Data Program, which ran from 2001 to 2012 and collected information on the prevalence of 

bacterial pathogens in fresh produce sold in the USA, rarely detected and isolated bacterial pathogens 

(USDA, 2014; Reddy et al., 2016). For instance, E. coli O157 was not detected in cantaloupes, (n=9,169), 

leafy vegetables (n=17,027), tomatoes (n=9,842) and green onions (n=7,192) tested for over a period of 

several years. Salmonella, however, was detected and isolated in several commodities, but its occurrence 

was rare (<0.1%) in leafy vegetables, cantaloupes, tomatoes and green onions (70,000 samples analysed 

in total). Considering that tomatoes have been involved in multiple major outbreaks of Salmonella infection 

in North America (Appendix 1; Hanning et al., 2009), it is interesting that none of the 4,837 tomato samples 

collected over three years of USDA's surveillance presented any contamination with Salmonella. Similar 

results were obtained in Japan during a survey period of 10 years (1998-2008), where a prevalence was 

reported for Salmonella spp. and E. coli of 0.1% and 2.1% in tomato (1140 total samples) and of 0.2% and 

5.9% in cucumber (1315 total samples), respectively (Hara-Kudo et al., 2013). 

Due to the more common usage of animal manure as a fertilizer in organic production, the microbial safety 

of organic produce in comparison with conventionally-grown produce has been questioned over the years 

(Denis et al., 2016). Several studies on this matter (Mukherjee et al., 2004; Oliveira et al., 2010; Tango et al., 

2014) found that the hygienic quality of produce was impacted by organic production and that organic 

produce was more susceptible to faecal contamination (Denis et al., 2016). In this survey, a total of 17 single 

samples of cucumber (16.5% of the total cucumber samples) and 4 single samples of tomatoes (1.61% of 

the total tomato samples) were specified as organic (2.51% of the total samples). However, no conclusions 

can be drawn as all the samples analysed were satisfactory. 

Listeria monocytogenes 

Commission Regulation (EC) No 2073/2005, as amended, sets a maximum legal limit of 100 CFU/g for L. 

monocytogenes for ready-to-eat foods during their shelf-life, whether they are able to support the growth of 

L. monocytogenes (food category 1.2) or not (food category 1.3).5  In addition for food category 1.2, the 

Regulation sets a limit of absence in 25 g before the food has left the immediate control of the FBO who has 

produced it when the FBO is not able to demonstrate, to the satisfaction of the competent authority, that the 

                                                 
4 Under European Regulation EC 2073/2015, 100 CFU/g is the lower limit for E. coli in RTE pre-cut fruit and vegetables.  
5 Annex I, Chapter 1, food safety criteria, Food categories 1.2 and 1.3. 
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product will not exceed the limit of 100 CFU/g throughout the shelf-life. One of the challenges for FBOs 

complying with, and for competent authorities assessing compliance with, the Regulation with respect to the 

L. monocytogenes criteria is deciding whether a food falls into category 1.2 or 1.3. The Regulation seems to 

suggest that RTE unprocessed fresh fruit and vegetables fall under food category 1.3, as there is a specific 

footnote (footnote 4) linked to food category 1.3 which states that regular testing for L. monocytogenes is not 

required in normal circumstances for fresh, uncut and unprocessed vegetables and fruits. The literature, however, 

indicates that some unprocessed fruit and vegetables do support growth (Table 5). FSAI Guidance Note 27 

(FSAI, 2014b) advises that where the FBO cannot demonstrate that their food is unable to support the growth of 

L. monocytogenes then it is presumed to fall into food category 1.2. The issue is less complex once the sample 

is taken after the food has left the control of the FBO that has produced it, as the same limit applies to both 

categories; the only difference is that in the case of food category 1.2, the FBO has to be able to show that 

if counts are found below 100 CFU/g that the legal limit of 100 CFU/g will not be exceeded throughout the 

remaining shelf life of the product.  In the present survey, L. monocytogenes was tested in products collected 

at producer level, retail, packer and distributor levels as indicated in Table 3. DAFM took samples at producer 

level and assessed them against the absence in 25 g limit of food category 1.2. HSE took samples at retail, packer 

and distributor level and assessed them against the 100 CFU/g limit of food category 1.3 (Table 3). 

L. monocytogenes is a psychrotrophic bacterium i.e. it is able to grow in food products at refrigerated 

temperatures although its optimum temperature for growth is 20–30°C. Therefore, it is not surprising that L. 

monocytogenes is able to survive and, in some scenarios, grow under refrigeration conditions when 

mesophilic pathogens cannot. Besides, under abusive storage temperatures bacterial pathogen survival and 

growth can occur. Regardless of the results obtained in this survey (L. monocytogenes was not detected at 

‘unsatisfactory’ levels, i.e. >100 CFU/g, in any of the 838 samples tested) some studies have shown the 

ability of L. monocytogenes to survive and grow on whole fresh produce even at refrigeration temperatures 

(Table 5). This emphasizes the importance of proper storage conditions in preventing or reducing (any) 

pathogen survival and growth.  

Table 5: Selected studies on the survival and growth of L. monocytogenes on whole fresh produce 

Product Observations Reference 

Blueberries Counts decreased by ~0.5 log10 at 4°C (initial=5.8 log10) 
and by ~1 log10 (initial=6.2 log10) at 12°C when stored 

during 10 days 

Concha-Meyer et al. (2014) 

Raspberries Slow growth (by ~0.75 log10) after 5 days at 6°C and by ~1 
to 1.5 log10 after 2 days at 15 or 22°C 

Molinos et al. (2008) 

Strawberries Survival after 9 days at 4°C (initial and final counts ~105 
CFU/berry) 

Rodgers et al. (2004) 

No growth but reduction over 48-h storage at 24°C 
regardless of the inoculation level (~106 or ~108 CFU/berry) 

Flessa et al. (2005) 

Survival beyond the expected market shelf life at 4±1°C. 
Decline by ~103 CFU/berry after extended storage (15 

days) 

Udompijitkul et al. (2007) 

Cherry type 
Tomatoes 

Growth occurred at 21°C (from 3.5 to 5 log10 in 2 days). No 
growth at 10°C although remained viable for >20 days 

Beuchat and Brackett (1991) 

Peppers Slow growth (from 7.3 to 7.9 log10) on bell-shaped organic 
green peppers after 2-weeks storage at 7°C 

Han et al. (2001) 

After 14 days at 12°C populations on jalapeño peppers 
increased by 1.1 log10. No growth at 7°C although remained 

viable 

Huff et al. (2012) 
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Salmonella spp. and E. coli  

There are no legal microbiological criteria set for Salmonella spp. or E. coli in RTE whole fresh produce in 

Commission Regulation (EC) No 2073/2005, as amended. Salmonella was included in the current survey 

considering the significant number of foodborne outbreaks caused by Salmonella spp. and associated with 

the consumption of RTE salad vegetables and fresh berries (Appendix 1). E. coli was included as it is a useful 

indicator of faecal contamination of food products, and as such, indicates the potential risk of contamination 

with faecal pathogens. In Ireland we have guideline limits for these microorganisms in RTE food, including 

fruit and vegetables (FSAI, 2014a). As indicated above, 100% of all samples examined in this survey were 

‘satisfactory’ for Salmonella and E. coli (Table 4). 

Despite these results, fresh produce, with tomatoes specifically implicated, have become increasingly 

recognized as vehicles of human illness with Salmonella and pathogenic E. coli. According to Zhuang et al. 

(1995), populations of Salmonella Montevideo were stable on the surface of mature green tomatoes stored 

at 10°C for 18 days. Even if pathogens are located on the surface only, these pathogens can also be 

transferred to the flesh during further handling or cutting. Beuchat and Mann (2008) reported that Salmonella 

can grow in stem scar and pulp tissues of round, Roma, and grape tomatoes stored at 12 and 21°C but not 

at 4°C. Salmonella, however, did not grow on the skin of grape tomatoes regardless of the storage 

temperature (Beuchat and Mann, 2008) which has been recently attributed to the surface metabolite 

landscape, including the fatty acids present in tomato fruit surface exudates (Dev Kumar and Micallef, 2017). 

Although most of the outbreaks involving Salmonella spp. or E. coli O157:H7 on fresh produce have been 

associated with contamination post-harvesting; several studies have demonstrated the ability of Salmonella 

spp. and E. coli O157:H7 to diffuse into the interior of produce (through both natural apertures and damaged 

tissues), survive inside and, in some cases, proliferate within (Erickson, 2012). As an example, a study 

performed by Ibarra-Sánchez et al. (2004) indicated that Salmonella Typhimurium and E. coli O157:H7 were 

able to diffuse into the interior of ripe field tomatoes and survive inside for at least 72 hours at room 

temperature (25 to 28°C). 

Limited studies have been performed on Salmonella and E. coli growth in/on whole peppers, cucumbers and 

berries; though they seem to agree that microbial growth in this type of products is limited. Castro-Rosas et 

al. (2011) reported that several strains of Salmonella and E. coli did not grow on whole serrano and jalapeño 

peppers stored at 4 ± 1°C or 25 ± 2°C. In fact, at 25 ± 2°C the populations decreased by 4 and 2.5 log10 on 

serrano and jalapeño peppers, respectively, and by >3 log10 at 4 ± 1°C after 6 days of storage. With regards 

to berries, a study carried out by Knudsen et al. (2001) in whole strawberries indicated that Salmonella and 

E. coli O157:H7 populations slightly declined over 48 hour storage at 24°C. When stored at 4 to 5°C the 

populations of both species decreased by 1 to 2-log10 over the 7-day storage period. Another study performed 

by Nguyen et al. (2014) found that E. coli O157:H7 and Salmonella enterica subsp. enterica did not grow, in 

fact, declined on strawberries at shipping (2 ± 2°C) and retail display (15.5 ± 2°C) temperatures over a period 

of 7 days of storage, even when they were harvested at a maturity prone to bruising. However, Salmonella 

growth, but not E. coli, did occur on bruised (with an intact skin) full ripe blueberries under retail display 

temperatures (15.5 ± 2°C) after 3 days storage.  

There is a wealth of evidence that fresh produce can harbour enteric bacteria and serve as vehicles for 

pathogenic bacteria causing foodborne illnesses. Aside from the type and variety of commodity and the type 



National Microbiological Food Surveillance Programme (16NS5)  

 

 

 

Page | 15  

of microorganism (species and serotypes) other factors such as the cultivation practices that may affect the 

ability of microorganisms not only to survive but also to colonise and multiply within.  

 
Information collected on questionnaire 

EHOs and staff from the DAFM Horticulture and Plant Health Division completed a survey questionnaire for 

each sample collected (Appendix 3); in order to provide information about the sample that would not be 

captured on the National Sample Submission Form (NSSF). A total of 829 questionnaires were received for 

a total of 838 samples collected and analysed, which corresponds to a response rate of 98.9%. Table 6, 

showing the number of questionnaires received per sample type, indicates that all the products were 

represented in a relatively similar proportion. Ten questionnaires received contained no information on the 

fresh produce sample type. From the 819 filled-out questionnaires, some interesting information can be 

extracted. 

Table 6: Number of questionnaires received per sample type  

 Sample type Totals 

Tomato Cucumber Pepper Strawberry Blueberry Raspberry Blackberry NS 

Total no. 
samples 

248 103 138 77 142 87 43 - 838 

Total no. 
questionnaires 

241 96 138 75 140 87 42 10 829 

Response rate 
(%) 

97.2 93.2 100 97.4 98.6 100 97.7 - 98.9 

 

Country of origin 

As the Irish climate does not permit year-round growth of fresh fruit and vegetables, at certain times of the 

year imported produce is more likely to be on the market. This survey was conducted between August and 

November 2016 (Table 2). Figure 3 shows the country of origin labelled on the packaging for each of the 

samples that had an associated questionnaire. As it can be seen, the country origin varied largely depending 

on the type of product, with Ireland ranking 1st for strawberries (n=49/75; 65.3%), blackberries (n=19/42; 

45.2%) and joint first with the Netherlands for cucumbers (n=32/96; 33.3%), 3rd for raspberries (n=19/87; 

21.8%), blueberries (n=25/140; 17.9%), tomatoes (n=47/241; 19.5%) and peppers (n=20/138; 14.5%). 

Overall, Ireland was the country of origin for 25.8% (n=211/819) of the samples with a questionnaire after the 

Netherlands (n=297/819; 36.3%) and followed by Spain (n=146/819; 17.8%). As indicated above (Table 4), 

none of the samples (Irish-grown and imported) analysed in this survey were unsatisfactory for L. 

monocytogenes, Salmonella spp. and E. coli. In the Canadian (Denis et al., 2016) and American (Reddy et 

al., 2016) microbiological surveillance programmes results indicated that the seasonal indices for domestic 

and imported vegetables were very similar, indicating that the trend in bacterial contamination did not differ 

based on the product origin.  
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Figure 3: Country of origin labelled on the packaging of the samples with an associated questionnaire. 
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Types of tomatoes and peppers 

Question 6 of the questionnaire (Appendix 3) was intended to collect information regarding the types of 

tomatoes and peppers surveyed. The information provided in the questionnaires showed that from the 241 

tomatoes samples; 117 were cherry tomatoes, 49 were vine tomatoes, 32 were plum tomatoes, 27 were 

salad tomatoes, 8 were piccolo tomatoes and the remaining 5 were sun-stream (1), sugar-drop (1) and non-

specified (6). Regarding the peppers (n=138), 108 were a mix of red, green and yellow peppers, 9 were 

sweet red Ramiro peppers, 8 were baby peppers, 7 were individual green, red and yellow bell peppers and 

the 6 remaining were non-specified. 

Intact vs. damaged samples 

In general, the surface of fresh produce is considered a harsh environment for foodborne pathogen survival 

and growth. Intact surfaces of healthy produce tissue might not provide the environment needed for 

foodborne pathogens to thrive. However, injured surfaces of fruits and vegetables make nutrients readily 

available for microorganisms; hence injured produce is generally considered more of a food safety risk than 

intact produce (Basset and McClure, 2008). Nonetheless, a bruised, punctured or cut surface can leak fluids 

that contain not only nutrients, but also organic acids that could serve as antimicrobials (Huff et al., 2012). 

Therefore, the survival or growth of bacteria on a plant’s surface, either it is intact or injured, is not readily 

predictable. Question number 7 in the questionnaire (Appendix 3) ‘Was the sample bruised or damaged in 

some way?’ dealt with this circumstance. Out of the 819 filled-out questionnaires, only 7 (0.85%) reported 

bruised/damaged samples corresponding to 2 tomatoes, 2 raspberries, 1 blueberry, 1 strawberry, 1 

cucumber and 1 pepper samples. 

Conclusions 

Contamination of fresh produce with bacterial pathogens appears to be a relatively rare occurrence. Although 

based on the increasing number of international outbreaks in recent years, it does represent a food safety 

risk. Food producers, distributors and retailers are responsible for ensuring that their products are produced 

hygienically and meet the relevant food safety requirements. The results of this survey indicate that the 

contamination of the surveyed fresh fruits and vegetables with pathogenic bacteria (L. monocytogenes, 

Salmonella spp.) and E. coli, as an indicator of faecal contamination, at levels representing a risk to public 

health is rare in the Irish marketplace. This finding indicates that the fresh produce on sale in Ireland is of 

good microbiological quality and suggests that the practices carried out along the food supply chain (from 

agricultural practices by the primary producers to handling practices by the food distributors and retailers) 

are generally good for the products surveyed (RTE whole unprocessed fresh tomatoes, cucumbers, peppers, 

blueberries, raspberries, strawberries and blackberries). Nevertheless, studies reporting prevalence, survival 

and growth of pathogens in/on fresh produce emphasise the need to control pre- and postharvest 

contamination in order to mitigate risks associated with foodborne illness from fresh produce. 
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Year Food type (and 
source if known) 

Country Microorganism No. of 
outbreak 

cases 

No. of hospitalisations No. of 
deaths 

Reference 

2016 Hot Peppers (Anaheim 
variety) 

USA Salmonella Anatum 32 8 0 Hassan et al. 2017 

2015 Tomatoes USA Salmonella Hartford 19 4 0 CDC, 2016 

2015 Cucumbers (Grown in 
Mexico) 

USA Salmonella Poona 907 204 6* CDC, 2016 

2015 Tomatoes USA Salmonella Newport 119 17 2 CDC, 2016 

2014 Cucumbers (Domestic 
produce) 

USA Salmonella Newport 275 48 1 Angelo et al. 2015 

2013 Cucumbers (Grown in 
Mexico) 

USA Salmonella Saintpaul 84 17 0 CDC, 2013 

2011 Strawberries 
(Domestic produce) 

USA Escherichia coli 

O157:H7 
15 6 2 Laidler et al. 2013 

2011 Datterino cherry 
tomatoes (Grown in 

Italy) 

Multi-
country 

Salmonella 
Strathcona 

43 Denmark 
5 Italy 

1 Austria 
21 Germany 
1 Belgium 

20 1 Müller et al. 2016 

2010 Blueberries (Domestic 
produce) 

USA Salmonella Newport 6 1 0 Miller et al. 2013 

2009 Blueberries USA Salmonella Muenchen 14 Not reported 0 CDC, 2016; 
Palumbo et al. 2013 

2008 Jalapeño peppers, 
Serrano peppers. 
Tomatoes were 
identified as a 

possible source early 
in the outbreak 

(Grown in Mexico) 

USA Salmonella Saintpaul 1,442 286 2 CDC, 2008 

2006 Tomatoes USA Salmonella 
Typhimurium 

183 22 0 CDC, 2006 

* Salmonella infection was not considered to be a contributing factor in 2 of these death

Appendix 1: Examples of foodborne outbreaks associated with the consumption of RTE 

vegetables and fresh berries.  
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Year Country Food type 
Microorganism (type of 

analytical test) 

No. of positives/No. of samples 
tested 

(% Prevalence) (detection limit of 
the test) 

Reference 

2012-2014 
South Africa 
(Domestic produce) 

Tomatoes Salmonella (Detection) 0/905 (0%) van Dyk et al. 2016 

E. coli (Enumeration) 0/905 (0%) (10 CFU/g) 

2009-2013 

Canada  
(Domestic and imported 
produce) 

Tomatoes Salmonella (Detection) 0/4416 (0%) Denis et al. 2016 

E. coli (Enumeration) 0/4837 (0%) (100 CFU or MPN/g) 

E. coli O157:H7 (Detection) 0/2047 (0%) 

Berries (blueberries, 
strawberries, blackberries, 
raspberries, other) 

Salmonella (Detection) 0/1370 (0%) 

E. coli (Enumeration) 0/1776 (0%) (100 CFU or MPN/g) 

E. coli O157:H7 (Detection) 0/1373 (0%) 

2002-2012 
USA 
(Domestic and imported 
produce) 

Tomatoes Salmonella (Detection, PCR-
based method) 

6/32,228 (0.02%) Reddy et al. 2016 

Hot peppers 21/8,123 (0.26%) 

2010-2011 

Mexico 
(Domestic produce) 

Tomatoes Salmonella (Detection) 1/80 (1.25%) Cárdenas et al. 2013 

Peppers (serrano and 
jalapeño) 

1/80 (1.25%)1 

2008 
South Korea 
(Domestic produce) 

Strawberries Salmonella (Enumeration) 0/36 (0%) (1 log CFU/100 cm2) Yoon et al. 2010 

E. coli (Enumeration) 0/36 (0%) (1 log CFU/100 cm2) 

2007 

Canada 
(Domestic produce) 

Tomatoes Salmonella (Detection) 0/120 (0%) Bohaychuk et al. 2009 

E. coli (Detection) 0/120 (0%) 

Strawberries Salmonella (Detection) 0/31 (0%) 

E. coli (Detection) 0/31 (0%) 

2004 
 

USA 
(Domestic produce) 

Tomatoes Salmonella (Detection) 1/141 (0.7%) Arthur et al. 2007 

E. coli (Detection) 0/141 (0%) 

2003-2004 
Mexico 
(Domestic produce) 

Tomatoes Salmonella (Detection) 66/906 (7.3%) Orozco et al. 2008a2 

E. coli (Detection) 166/484 (34.3%) 

2003-2004 

USA 
(Domestic produce) 

Berries (included 
strawberries, raspberries and 
blueberries) 

Salmonella (Detection) 0/194 (0%) Mukherjee et al. 2006 

E. coli (Enumeration) 2/194 (1%) (10 CFU/g) 

Peppers (included Bell and 
other varieties) 

Salmonella (Detection) 0/282 (0%) 

E. coli (Enumeration) 2/282 (0.7%) (10 CFU/g) 

Tomatoes Salmonella (Detection) 0/238 (0%) 

E. coli (Enumeration) 0/238 (0%) (10 CFU/g) 

Cucumbers Salmonella (Detection) 0/179 (0%) 

Appendix 2: Studies on the prevalence of Salmonella, E. coli and Listeria monocytogenes 

in tomatoes, cucumbers, peppers and fresh berries.  
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E. coli (Enumeration) 6/179 (3.4%) (10 CFU/g) 

2002 

USA 
(Domestic produce) 

Strawberries Salmonella (Detection) 0/11 (0%) Mukherjee et al. 2004 

E. coli (Detection) 0/11 (0%) 

Green peppers Salmonella (Detection) 1/55 (1.8%) 

E. coli (Detection) 4/55 (7.3%) 

Tomatoes Salmonella (Detection) 0/108 (0%) 

E. coli (Detection) 5/108 (4.6%) 

Cucumbers Salmonella (Detection) 0/40 (0%) 

E. coli (Detection) 2/40 (5%) 

2000 
USA 
(Domestic produce) 

Strawberries Salmonella (Detection) 0/136 (0%) U.S. FDA, 2003 

Tomatoes 0/198 (0%) 

2000 

United Kingdom 
(Mix of domestic (30%) and 
imported (70%) organic produce) 

Cucumber Salmonella (Detection) 0/221 (0%) Sagoo et al. 20013 

L. monocytogenes 
(Enumeration) 

0/221 (0%) (20 CFU/g) 

Pepper Salmonella (Detection) 0/184 (0%) 

L. monocytogenes 
(Enumeration) 

0/184 (0%) (20 CFU/g) 

Tomato Salmonella (Detection) 0/428 (0%) 

L. monocytogenes 
(Enumeration) 

0/428 (0%) (20 CFU/g) 

1999-2003 
Mexico 
(Domestic produce) 

Tomatoes Salmonella (Detection) 19/681 (2.8%) Orozco et al. 2008b 

E. coli (Enumeration) 5/681 (0.7%) (2.84 MPN/g) 

1999-2001 
Norway 
(Domestic n=94; Imported n=77,  
Unknown n=2) 

Strawberries Salmonella (Detection) 0/173 (0%) Johannessen et al. 
2002 

L. monocytogenes (Detection) 1/173 (0.6%)4 

1999 

USA  
(Imports from Argentina, 
Belgium, Canada, Mexico & New 
Zealand) 

Strawberries Salmonella (Detection) 1/143 (0.7%) U.S. FDA, 2001 

Tomatoes 0/20 (0%) 

1998-2008 

Japan 
(Domestic & imported produce) 

Tomatoes Salmonella (Detection) 1/1140 (0.1%) Hara-Kudo et al. 2013 

E. coli (Detection) 24/1140 (2.1%) 

Cucumber Salmonella 2/1315 (0.2%) 

E. coli (Detection) 78/1315 (5.9 %) 

CFU/g: Colony forming unit per gram 
MPN: Most Probable Number 
1 Note: pepper contamination was found in the stem, which is usually removed prior to consumption. 
2 During the course of this study, two independent natural events affected the farm: water runoff flooded some of the greenhouses and wild animals (opossums, mice and 
sparrows) gained entry to several of the greenhouses.  

3 E. coli was detected in 48 of 3200 of RTE organic vegetables tested in this study; however, the authors do not specify which sample types the microorganism was detected in. 
Listeria spp. (n=6) was detected in a sample of watercress, a sample of radish and four other unspecified samples of RTE organic vegetables. 
4 Domestically produced strawberry.
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Appendix 3: Survey questionnaire 
 

EHOs and staff from the DAFM Horticulture and Plant Health Division were asked to complete this survey 
questionnaire for each sample collected. 

 

 

1) Name ___________________________________ 

 

2) Sample Ref Number ________________________ 

 

3) Select Laboratory to which sample was sent for analysis 

 

Cherry Orchard □    Cork □    Galway □    Limerick □    Sligo□    Sir Patrick Dun □    Waterford □ 

 

4) Laboratory Reference Number (upon receipt of lab report) __________________ 

 

5) Country of origin: Ireland □    Other □ Specify: _____________________________ 

 

6) Select the type of fresh whole unprocessed pre-packaged fruit or vegetable sampled 

Cucumber □     Pepper □     Tomato □     Blueberry □     Strawberry □ 

Blackberry □     Raspberry □     Other□ Specify_________________________________ 

 
Specify the type of peppers sampled (tick all that apply): 
 
Red bell □     Yellow bell □     Green bell □     Mixed colours □     Baby □ 

Other □ Specify___________________________________________________ 

 
Specify the type of tomatoes sampled (tick all that apply): 

 
Tomatoes: 
Salad  □ 
Vine  □ 
Plum □ 
Beef □ 
Yellow  □ 
Cherry □ 
Baby plum □ 
Yellow/Orange cherry □ 
Piccolo cherry □ 
Other □ Specify_________________________ 

7) Was the sample bruised or damaged in some way?  Yes □     No □ 

To submit questionnaire to FSAI click on the “Submit Form” button. 
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