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Abstract: This study aims to give an overview of the prevalence of Listeria monocytogenes and
Salmonella spp. in 9727 samples (2996 for L. monocytogenes and 6731 for Salmonella spp.) from different
categories of ready-to-eat (RTE) foods, collected over 2 years from 28 large retailers and 148 canteens
in the regions of northern Italy. The RTE samples were classified into two groups according to the
preparation methods: (i) multi-ingredient preparations consisting of fully cooked food ready for
immediate consumption, or with minimal further handling before consumption (Group A), and (ii)
multi-ingredient preparations consisting of cooked and uncooked food, or preparations consisting
of only raw ingredients (Group B). L. monocytogenes and Salmonella spp. were investigated in both
of these categories. The overall prevalence of L. monocytogenes and Salmonella spp. was 0.13% and
0.07%, respectively. More specifically, L. monocytogenes was found in 0.04% of 2442 analysed RTE food
samples belonging to group A and in 0.54% of 554 samples belonging to group B. Furthermore, 0.03%
of 5367 RTE food samples from group A and 0.21% of 1364 samples from group B tested positive for
Salmonella spp. In conclusion, the results obtained in this study can provide a significant contribution
to L. monocytogenes and Salmonella spp. risk analysis in RTE foods.

Keywords: RTE food; foodborne; food safety; Listeria monocytogenes; Salmonella spp.; risk analysis

1. Introduction

As a result of changes in lifestyles, the current economic systems, a curiosity for
culinary dishes that are diverse and distant from our traditions [1], and, more recently, the
effects of the COVID-19 pandemic [2], there has been an increase in the consumption of
so-called ready-to-eat foods (RTE). In this regard, in Europe in 2021, the average volume of
consumption of RTE meals per person, thus far, amounts to 15 kg. In fact, Italy exemplifies
a growing trend whereby, in 2019, the consumption of these products was 5.6 kg per capita,
and this prediction is expected to reach 6 kg of ready meals per capita by 2023 [3]. A study
conducted in Italy in 2020 by Nils-Gerrit Wunsch [4] showed that 29% of the population
over the age of 35 frequently consumed ready-to-eat meals.
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The rise in consumer demands for ready-to-eat products certainly has positive aspects
for the retail and foodservice industry. On the other hand, there are emerging microbiolog-
ical issues concerning food safety that need to be considered [5]. In general, depending
on the preparation method, RTE foods may be more or less prone to microbiological
risks [6]. More specifically, with regard to multi-ingredient preparations consisting of
fully cooked foods ready for immediate consumption, or with minimal further handling
prior to consumption, these foods are relatively exposed to microbial risks because the
cooking process and fast preparation period limit the possibility of and exposure to mi-
crobial risks. Alternatively, multi-ingredient RTE foods that are prepared solely using
cooked and uncooked foods, or made using only raw ingredients (e.g., sandwiches and
mixed salads), are potentially more exposed to microbial risks. The latter is due to the fact
that during preparation, they are generally more manipulated by food business operators
(FBOs) and, more significantly, they do not undergo any heat treatment (e.g., cooking) prior
to consumption. Therefore, it could have a restorative effect on health compliance [7].

A factor that may affect the food safety of the finished product, especially for the latter
RTE food category, is the microbiological profile (initial microbial load) of the ingredients
that constitute the preparation. The latter occurs because the handling, processing, and stor-
age phases can further aggravate a non-compliant or borderline starting situation [7]. For
these reasons, the correct operating procedures by FBOs, from a hygiene and health point
of view, are an indispensable prerequisite [8,9]. As reported in the literature, foodborne
disease outbreaks related to RTE food are associated with various foodborne pathogens,
including L. monocytogenes and Salmonella spp. [10,11]. L. monocytogenes is an intracellular,
Gram-positive pathogenic bacterium [12]. It is ubiquitous and psychotropic [13], and these
features make it a perfect candidate for the contamination of RTE foods. Salmonella spp.,
however, is a Gram-negative, rod-shaped bacteria belonging to the Enterobacteriaceae family
that grows at 37 ◦C [14]. Members of Salmonella spp. are classified into serotypes, and
infection in humans can occur through the ingestion of contaminated water or food. Gener-
ally, poultry, meat, and eggs are the principal vehicles for these foodborne pathogens [15].
Among illnesses from bacterial foodborne pathogens, salmonellosis and listeriosis are the
leading causes of death related to bacterial foodborne infections [16]. In 2019, 2621 cases of
listeriosis were reported, and the notification rates increased rapidly by age in the older
age groups (over 65 years). This trend in Europe has confirmed that L. monocytogenes is
the most serious zoonotic disease, with high rates of hospitalisation (92%) and mortality
(17.6%) [17]. In particular, as described by Vázquez-Boland et al. [18], the risk and severity
of listeriosis are significantly higher among the elderly, pregnant women, infants, and
individuals with a compromised immune system, with an associated fatality rate of 16–25%
despite treatment [19].

Regarding foodborne outbreaks by Salmonella spp., EFSA’s annual report [20] high-
lights that Salmonella spp. is the second most commonly reported gastrointestinal infection
in humans after campylobacteriosis. In 2019, a total of 87,923 confirmed cases of salmonel-
losis in humans were reported within the EU [20]. Again, the population groups most
affected were the elderly, pregnant women, and immunocompromised individuals [20].
Furthermore, Salmonella infection is more complicated: not only can the bacteria be ac-
quired through many types of foods, but it can also be acquired from non-food sources (e.g.,
from direct contact between individuals and infected animals, including pets) [21,22]. For
these reasons, and especially for the protection of the consumer and public health, quan-
titative risk assessment, control, and prevention are essential throughout the food chain.
Adherence to good hygiene practices during food handling, storage, and distribution is
also essential.

In this regard, the purpose of the present study is to give an overview of the prevalence
of L. monocytogenes and Salmonella spp. Studied over a 2-year period in northern Italy in two
RTE food categories: large retailers and canteens. The results obtained from the study can
contribute, at both national and international levels, to the updating of figures concerning
the assessment of the risk of L. monocytogenes and Salmonella spp. in RTE foods.
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2. Materials and Methods

All RTE foods were collected over a 2-year period, specifically from July 2019 to
March 2021. The samples were analysed at the Food Inspection Laboratory of the Dept
of Health, Animal Science and Food Safety “Carlo Cantoni” (University of Milan). The
Laboratory performs its procedures according to UNI EN ISO/IEC 17025:2018 quality
standards (general requirements for the competence of testing and calibration laboratories).

2.1. Collection and Description of RTE Food Samples

A total of 9727 RTE food samples (2996 for L. monocytogenes and 6731 for Salmonella
spp.) were collected every month from 28 large retailers and 148 canteens in northern Italy.

A total of 250g of each RTE food sample was collected and placed in sterile plastic
bags. Immediately after the collection, all of the RTE samples were transported to the
laboratory in isothermal containers with ice (4 ◦C ± 2) and were analysed on the same
day. In this study, RTE foods were divided into two groups according to their preparation
methods and according to the categorisation standards provided by Ce.IRSA [23] (Table 1).

Table 1. Ready-to-eat food groups involved in the study.

ID Groups Description of Ready-to-Eat
Groups

No. of Samples per
Parameter No. of Samples Per Sampling Site

L. monocytogenes Salmonella spp.
L. monocy-

togenes
Salmonella

spp.
Large

retailers Canteens Large
retailers Canteens

Group A

Multi-ingredient preparations
composed of fully cooked food,

ready for immediate
consumption or with minimum

further handling before
consumption (e.g., pasta, pizza,

burgers, vegetables, ready meals
after regeneration, whole pies,

sausage rolls, quiches, roast
meats, and chicken portions).

2442 5367 143 2299 167 5200

Group B

Multi-ingredient preparations
composed of cooked and

uncooked food or preparation
consisting only of raw ingredients

(e.g., seafood sauces, roast beef
with raw rocket, mixed salads,
julienned carrots, sliced fennel,
chopped lettuce, radicchio, and

pre-prepared fruit salads).

554 1364 228 326 361 1003

2.2. RTE Sample Analysis

The microbiological analyses were focused on the detection of pathogenic microorgan-
ism markers, specifically L. monocytogenes and Salmonella spp. To carry out the analyses, 25 g
of the food samples was homogenised using a Stomacher 400 (Stomacher 400 Circulator,
Seward Ltd., Norfolk, UK) for 60 s, in 225 mL of appropriate enrichment broths.

For the L. monocytogenes, a volume of 0.1 mL of the initial food suspension (25 g of
samples enriched with 225 mL of Listeria 1

2 Fraser Broth) was briefly plated in a selective
chromogenic medium: rapid L. mono. The final test for the confirmation of suspected
colonies was carried out by biochemical testing (Microgen™ Listeria-ID, Camberley, Eng-
land), whereas, for the testing of Salmonella spp., a 25 g sample was pre-enriched and
homogenised in 225 mL of buffered peptone water. Then, following the predetermined
incubation time (Table 2), 0.1 mL of the pre-enriched sample was transferred to 10 mL of
RVS broth (enrichment phase) and 1 mL of MKTTn broth (enrichment phase). Finally, after
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its incubation at 41.5 ◦C ± 1 ◦C for 24 h ± 3 h and 37 ◦C ± 1 ◦C for 24 h ± 3 h, respectively,
10 µL of the RVS broth was transferred to an XLD agar plate, and the same procedure was
repeated by also plating the RVS broth onto a BGA agar plate. Equally, 10 µL of the MKTTn
broth was plated in a BGA and XLD agar plate. After the fixed incubation period (Table 2),
the confirmation of presumptive positive results was performed by biochemical testing
(API 20 E NE) and by using Poly A-S + Vi and Poly H antisera. For both pathogens, the
results are expressed as absence/presence in 25 g of the sample material.

Table 2. Culture techniques (media and agar), incubation conditions, and the biochemical and serological confirmation tests
used for the microbiological testing of ready-to-eat food samples.

Parameters
Culture

Tech-
niques

Incubation Culture Media and
Agar

Biochemical
Confirmation

Test

Serological
Testing

Reference
Method

Time
(h)

Temp.
(◦C)

L. monocy-
togenes

detection

Enrichment 24 30 Listeria 1/2 Fraser 1
Microgen™
Listeria-ID 3

AFNOR BRD
07/04-09/98Plate 24–48 37 RAPID’ L. mono 2

Salmonella
spp.

detection

Pre-
enrichment 18 37

buffered peptone
water 1

API 20 E NE 4

Poly A-S + Vi 5

Poly H 5

ISO 6579:2017

Selective
enrich-
ment

24 41.5
Rappaport-

Vassiliadis broth
(RVS) 1

24 37

Muller-Kauffmann
Tetrathionate-

Novobiocin broth
(MKTTn) 1

Plate
24 37

Xylose lysine
Desoxycholate Agar

(XLD) 1

24 37 Brilliant Green Agar
(BGA) 1

1 Thermo Fisher, Waltham, USA. 2 Bio-Rad, Marne la Coquette, France. 3 Microgen Biproducts, Camberley, England. 4 bioMérieux, Marcy
l’Étoile, France. 5 Biogenetics Diagnostics Srl, Padua, Italy.

In Table 2, the incubation times and temperatures are shown alongside the reference
methods in relation to the specific pathogens and manufacturers of consumables.

2.3. Statistical Analysis

All of the results were recorded using Microsoft Excel 2010 software (Microsoft, Red-
mond, WA, USA). The prevalence and confidence intervals were calculated using Statistical
Package R software, and the statistical significance among the RTE food categories was
investigated using Pearson’s chi-squared test. An AP value of 0.05 was considered as
statistically significant.

3. Results and Discussion

A high level of public health protection is one of the fundamental objectives of the
food laws established in accordance with Regulation (EC) No. 178/2002. In accordance
with Regulation (EC) No. 2073/2005 on microbiological criteria, the acceptability criteria
are defined in relation to the different microorganisms of a food product.

Specifically, the limits set for the presence of L. monocytogenes in food products are the
absence of the pathogen in 25 g of the sample or 100 CFU/g in RTE foods which are able of
supporting the growth of the micro-organism. Whereas the limits set for Salmonella spp.
are the absence of the bacteria in 25 g of raw food and its absence in 10g of cooked food.

All of the RTE samples analysed in this study were evaluated on the basis of the
criteria proposed in the above-mentioned European Regulation. Tables 3 and 4 show
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the results of the analysis of the prevalence of L. monocytogenes (LM) and Salmonella spp.
(S spp.) in two groups (A and B) of RTE food samples. The monitoring was performed
from July 2019 to March 2021 and highlighted that, out of a total of 2.996 samples tested
for the absence/presence of LM, four samples were positive (0.13%, Figure 1A), while
for S spp., five samples tested positive out of a total of 6731 (0.07%, Figure 1B). In group
A, 1 out of 2442 (0.04%) samples tested positive for LM while, in group B, 3 out of 554
(0.54%) tested positive for the bacterium. The number of positive samples for LM was
found to be different between groups (p = 0.02). In group A, LM was found in a pasta
sample, while in group B it was found in a salmon poke, ham, and fish salad. These
findings suggest that multi-ingredient preparations of RTE meals composed of cooked and
uncooked food, or preparation consisting of only raw ingredients, are more exposed to the
risk of microbial contamination compared to multi-ingredient preparations. The latter, in
fact, fully composed of only cooked food, ready to eat or with minimum further handling
before consumption. For this reason, the adoption and implementation of good hygiene
practices by operators handling ingredients is of fundamental importance to minimise
the risk of bacterial contamination [7]. Although it is not possible to directly compare
data from other studies [24] due to the many variables that can influence the analysis,
such as the geographical area and the observation period, it is interesting to note that
the official data reported at a national level confirm our results [25]. Indeed, the Italian
Ministry of Health, in its review of the assessment conducted in January 2021 of the risk
of the consumer’s exposure to L. monocytogenes [25], showed contamination rates for raw
fish and seafood products of 0.6%, while cured meat products, such as cooked ham and
cured ham (2%), were among the foods with the highest positive rates. Compared with
several studies in other countries, the data regarding L. monocytogenes isolates recovered
from the RTE food products are varied. Gormley et al. [26] reported the prevalence of
L. monocytogenes in foods from markets and specialty food shops in the UK that were
very similar to those in northern Italy. Specifically, out of a total of 2359 samples analysed,
2352 (99.7%) samples were satisfactory and six samples (0.3%) were unsatisfactory. It
is important, however, to highlight that the sampling focused on a specific category of
ready-to-eat foods: specialty meats.

Table 3. Listeria monocytogenes in ready-to-eat foods, from July 2019 to March 2021.

No. Positive/Total No. of Samples (% Positive)

ID
Groups

July–Aug.–
Sept.
2019

Oct.–Nov.–
Dec.
2019

Jan.–Feb.–
Mar.
2020

Apr.–May–
June
2020

July–Aug.–
Sept.
2020

Oct.–Nov.–
Dec.
2020

Jan.–Feb.–
Mar.
2021

Total
CI95 of

% positive
1

Group A 0/611 (0) 0/594 (0) 0/83 (0) 0/203 (0) 1 a/539
(0.18) 0/276 (0) 0/136 (0) 1/2442

(0.04) 0.01–0.25

Group B 1 b/104 (0.96) 0/132 (0) 0/11 (0) 0/32 (0) 1 c/36
(2.77)

1 d/220
(0.45)

0/19 (0) 3/554
(0.54) 0.18–1.58

Total 1/715 (0.13) 0/726 (0) 0/94 (0) 0/235 (0) 2/575
(0.34)

1/496
(0.20) 0/155 (0) 4/2996

(0.13)

CI95 (%) 1 0.02–0.79 0.00–0.53 0.00–3.93 0.00–1.61 0.10–1.26 0.04–1.13 0.00–2.42 0.05–
0.34

1 CI95: 95% confidence interval. Positive sample type: a pasta, b salmon poke, c fish salad, and d ham.
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Table 4. Salmonella spp. in ready-to-eat food, from July 2019 to March 2021.

No. Positive/Total No. of Samples (% Positive)

ID
Groups

July–Aug.–
Sept.
2019

Oct.–Nov.–
Dec. 2019

Jan.–Feb.–
Mar. 2020

Apr.–May–
June
2020

July–Aug.–
Sept. 2020

Oct.–Nov.–
Dec. 2020

Jan.–Feb.–
Mar. 2021 Total CI95 of

% positive 1

Group A 1 a/537
(0.18) 0/797 (0) 1 b/788

(0.12)
0/476 (0) 0/656 (0) 0/1.155 (0) 0/958 (0) 2/5367

(0.03) 0.01–0.14

Group B 1 c/337
(0.29)

2 d/256
(0.78)

0/128 (0) 0/118 (0) 0/119 (0) 0/235 (0) 0/171 (0) 3/1364
(0.21) 0.07–0.64

Total 2/874
(0.22)

2/1053
(0.18)

1/916
(0.10) 0/594 (0) 0/775 (0) 0/1390 (0) 0/1129 (0) 5/6731

(0.07)
CI95 (%) 1 0.06–0.83 0.05–0.69 0.02–0.62 0.00–0.64 0.00–0.49 0.00–0.28 0.00–0.34 0.03–0.17

1 CI95: 95% confidence interval. Positive sample type: a lasagne, b roast pork, c chicken salad, and d salami and chicken salad.

In contrast, Koskar et al. [24] analysed the prevalence of L. monocytogenes in a total of
30.016 RTE foods, which shows very different results to those attained in our study. Indeed,
3.6% of the samples were found to be positive, and the highest prevalence of bacteria was
found in RTE fish and fish products (11.6%). These higher results, compared to ours, may
also be influenced by a bigger sample size (2442 vs. 30,106).

The obtained results for Salmonella spp. (Table 4 and Figure 1B) demonstrate that
the overall positive results in a total of 6.731 samples is 0.07%, which corresponds to five
positive samples. In this case, two positive samples (lasagne and roast pork) were found in
group A out of a total of 5.367 samples analysed (0.03%). In the analysed samples belonging
to group B, the presence of S spp. was detected in three samples (salami and two chicken
salads) out of 1.364, equal to 0.21%. The chi-squared test did not show differences between
the groups (p > 0.05).

Again, our results appear to be significantly lower than those found in other works.
In particular, Yang et al. [27], over 3 years of sampling and a total of 539 RTE food samples,
analysed 19 (3.5%) that were positive for Salmonella, including 3 (2.6%) of 117 cooked pork
samples; 3 (2.0%) of 152 cooked chicken samples; 8 (6.6%) of 121 cooked duck samples;
2 (3.7%) of 54 cold vegetable dishes in sauce samples; 2 (3.9%) of 51 cold noodles in sauce
samples; and 1 (2.3%) of 44 fried rice/sushi samples. Although no similar prevalence
was found, some categories of RTE food that were found positive for Salmonella by Yang
et al. [27] were also found positive in our study, such as pork and chicken RTE products. As
already highlighted, this disparity can be attributed to different factors, such as the different
geographic locations of sampling, the sample size, and the sampling period. Indeed,
the work of Kramarenko et al. [28] showed results more in line with ours. Specifically,
concerning a total of 264 RTE foods, the overall prevalence for Salmonella in non-thermally
processed food was 0.81% (256/31,576) and in RTE products only 0.02% (4/16,351).

In general, it is important to highlight that the reported incidence in different countries
for L. monocytogenes and Salmonella spp. varies greatly [29,30]. In fact, Kurpas et al. [29]
showed that the prevalence of L. monocytogenes investigated within the same sample type
(RTE meat products) in different countries (EU and extra EU) has a wide range, from 0.24%
(UK) to 58.3% (Slovakia). At the same time, Effimia et al. [30] also showed differences in the
incidence of Salmonella spp. within the same country but in different geographical locations,
again, with widely varying results (0.9% in Kefalonia vs. 12.5% in northern Greece).
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Figure 1. Summary of results in the different ready-to-eat food groups split into trimesters: (A) Listeria monocytogenes and
(B) Salmonella spp.

In addition, Effimia et al. [30] reported results very close to ours. In fact, for meat
cooked with vegetable meals, from a sample in restaurants in Kefalonia (Greece), the
incidence of L. monocytogenes showed a range from 0.0% to 2.4%, while Salmonella spp.
was not detected in cooked meat with vegetables, vegetables with olive oil (salads), or
ice cream.

In relation to our study, these differences in prevalence show that other factors, besides
those described above (i.e., sample size, sampling period, and geographic location), may
have an impact on the results, namely how the large retailers and/or canteens apply their
own good hygiene practice procedures during the preparation, handling, and storage of
RTE foods.
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The incidence of the potential foodborne pathogens LM and S spp. in the samples of
this study was low. Nevertheless, it is essential to highlight that RTE foods, if subjected to
inappropriate handling practices and abuse of time and temperature during processing
and distribution, can represent a favourable medium for the development of pathogenic
microorganisms in humans. Indeed, as reported by several authors [31,32], L. monocyto-
genes and Salmonella spp. are responsible for 97% of foodborne diseases associated with
catering systems.

Furthermore, with the rise in better practices for surplus food recovery, RTE food from
catering events or collective catering is frequently recovered by charitable organisations and
redistributed to people who experience food insecurity. As reported by Gowda et al. [33],
very often, food insecurity may lead to poor health, thus expanding the population’s
susceptibility to foodborne diseases. For this reason, it is of paramount importance that all
actors in the food supply chain, from the donor companies to the charitable organisations
(recipient organisations), apply good hygienic practices (GHP) and good manufacturing
practices (GMP) [34].

The exposure of highly susceptible people to contaminated food may contribute to the
burden of disease [17], but this can be prevented by improving the risk analysis at different
stages of the food chain. Moreover, maintaining high standards of hygiene through an
environmental monitoring program should be adopted, with the aim of minimising the
risks of cross-contamination (e.g., between raw products and RTE foods). Training activities
should be intensified, since workers are frequently the means by which the transmission of
pathogens occurs, and a proper compliance to temperature is fundamental for the safety
of RTE foods [8,35]. As reported by Kotzekidou [5], the safety of RTE foods depends on
the use of appropriate raw ingredients; the processing operation; and other parameters
intrinsic to the ingredients, such as pH and water activity (aw).

For these reasons, the application of new technologies on fresh food items, such as
active or smart packaging [36] and rapid screening methods (e.g., molecular tests) [37,38],
can be useful and innovative tools for foodborne disease control and surveillance.

Moreover, low-temperature storage, to limit the growth of foodborne pathogens,
as well as heat treatment, can positively affect the safety of foods. Temperature control
and maintenance are essential to reduce the growth and survival rates of foodborne
pathogens in RTE foods. Furthermore, another control point is the cleanliness of food
contact surfaces [39], food preparation surfaces, and utensils, as they may be a reservoir for
microbial contamination, and, as reported by Djordjevic et al. [40], L. monocytogenes can form
biofilms on food-processing surfaces, potentially leading to food product contamination. It
is, therefore, necessary to reiterate the importance of proper handling, surface cleaning,
and storage, both at the distribution administration stages and at home. It is necessary to
communicate to consumers that it is important to avoid the long storage of ready-to-eat
products purchased in large and small retailers.

Several studies have confirmed that food handler training can be effective for the
improvement of food service systems and also for the identification of deficient prac-
tices [41–43]. Finally, prerequisite programs and HACCP are essential in food production
environments with a high risk of L. monocytogenes and Salmonella spp. to minimise the risks
of contamination of food products.

Another important aspect to be explored in a future study involves changes to food
production practices and the evolution of foodborne pathogens that generates a new public
health concern, such as antimicrobial resistance. Antibiotic resistance among foodborne
microorganisms is an ongoing public health threat that continues to be a challenge [44].
Although efforts are necessary to limit the misuse of antibiotics, 33,000 deaths per year
have been estimated in Europe [45]. It will be a significant task to characterise the antibiotic-
resistant foodborne pathogens, the factors that have contributed to their emergence, their
antibiotic resistance mechanisms, the public health implications of their spread through
the food supply chain, and potential antibiotic alternatives for their control, from a “One
Health” perspective.
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4. Conclusions

The aim of the study is to show the monitoring, over a period of about two years in
northern Italy, of pathogenic microorganisms, such as L. monocytogenes and Salmonella spp.,
in RTE food collected in retailers and canteens. Although our results show a low prevalence
of the two pathogens researched, which is positive in relation to the mandatory EU regula-
tions requiring their absence, a control system in relation to production characteristics and
supply chain flows is still essential for the food safety control of RTE foods. The procedures
to be implemented are GMP, GHP, and Sanitation Standard Operating Procedures (SSOP) in
primary production as well as creating increasingly integrated systems with standardised
management procedures. In conclusion, the obtained results might contribute, at both the
national and the international levels, to the updating of data on the risk assessment of
L. monocytogenes and Salmonella spp. in RTE foods.
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