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Abstract: Ready-to-eat food products can be readily consumed without further preparation and are
convenient for busy on-the-go consumers. The objective of the study was to assess the microbiological
quality of ready-to-eat salads. Thirty RTE salads were tested for the presence of bacteria, yeasts,
and molds using the TEMPO and agar plate method. The study demonstrated that most of the tested
products were characterized by varying microbiological quality. The total number of mesophilic
microbiotas was about 6 log CFU g−1. The high number of microorganisms was due to yeast and
molds or Enterobacteriaceae. Half of the salads were contaminated with E. coli and three salads were
contaminated with S. aureus. LAB were also found, which can be explained mainly by a dairy
ingredient. In some salads, Salmonella spp. and L. monocytogenes were detected (26.7% and 33.3% of
the samples, respectively). Based on the conducted tests, it was found that the microbiological quality
was not satisfactory. The results presented in this study indicate that there is a significant problem
of the presence of pathogens. Manufacturers should strive to reduce the possibility of microbial
contamination through the use of widely understood hygiene of the production process, using hurdle
technology, including the modified atmosphere and refrigerated storage.

Keywords: RTE; microbial; evaluation; Salmonella; Listeria monocytogenes

1. Introduction

Convenience food has become an alternative to traditionally prepared food. Conve-
nience food can be defined as: food, typically a complete meal, that has been pre-prepared
commercially and so requires minimum further preparation by the consumer. The mar-
ket offers more and more new high-quality food products, produced using new recipes,
modern production and packaging technologies [1,2].

Currently, the demand for ready-to-eat (RTE) products, including salads, is increasing.
RTE salads are minimally processed products. By definition, minimally processed food has
the appearance of fresh food, is characterized by the least changed characteristics, and is
safe to eat. RTE food products can be readily consumed without further preparation and
are convenient for busy consumers. The production of ready-to-eat salads is constantly
growing and they are currently produced on an industrial scale [3]. The availability of
both RTE fruit and vegetables on the market may contribute to increasing the consumption
of fruit and vegetables in the general population and thus contribute to efforts to achieve
a daily consumption of 400 g of vegetables and fruit per capita, as recommended by the
World Health Organization [4]. It was estimated that in Europe in 2021, the average amount
of ready-to-eat meals consumed per person was about 15 kg [5].

In addition to providing the necessary ingredients, food items should be characterized
by health quality, including appropriate microbiological quality, guaranteeing safety to
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health. Healthy food quality depends on the conditions and ways of obtaining the raw
materials, pre-treatment and thermal processing, storage, transport, and conditions of
sale [3]. All these operations can result in damage to the natural barrier of the epidermis
and disrupt the internal compartmentalization, which in turn separates enzymes from
substrates, thus, promoting microbial proliferation and inducing increased respiration in
the plant. This, in turn, results in an increase in metabolism and the aging of tissues [4].
Due to numerous cases of food poisoning caused by microorganisms and toxins found in
food, research and the control of food products are important. There are legal regulations
regarding food, defining microbiological criteria and limits for the occurrence of microor-
ganisms in food. These criteria, however, apply to selected food groups and regulate the
selected acceptable limits of microorganisms [6,7].

According to the WHO [8], 550 million people suffer from Salmonella poisoning every
year, and about 220 million of them are children under 5 years of age. Salmonella is one
of the four key global causes of diarrheal diseases. Currently, in the European Union,
salmonellosis is the second most deadly disease, after campylobacteriosis, causing food
poisoning [9] with a notification rate of 20.0 cases per 100,000 population [10]. The trend
towards human salmonellosis has been stable over the past five years after a long period of
a downward trend. Additionally, Salmonella Enteritidis caused the vast majority (72.4%) of
food-borne salmonellosis outbreaks [10].

Subsequently, 1 million people suffer from listeriosis per year [11]. Unfortunately, most
cases require hospitalization. According to EFSA and ECDC [9], the number of poisonings
by Listeria monocytogenes in the European Union is constantly increasing. The listeriosis no-
tification rate is 0.47 cases per 100,000 people [12]. One of the reasons for this increase is the
interest in ready-to-eat products. Based on the EFSA and ECDC study [9], L. monocytogenes
was found in RTE foods in the largest number of samples of fish and fish products (6.0%
of samples), salads (4.2% of samples), meat and meat products (1.8% of samples), soft
and semi-soft cheeses (0.9% of samples), fruit and vegetables (0.6% of samples), and hard
cheeses (0.1% of samples). According to the EFSA BIOHAZ Report [13] ready-to-eat salads
were found to be the main source of poisoning by L. monocytogenes. In 2013, in Germany,
three human cases of listeriosis were found after eating ready-to-eat vegetables, juices,
and mixed salads (one death was reported). In the same country, in 2014, two cases were
observed after eating mixed food (iceberg lettuce with yogurt dressing, and gouda cheese).
In Switzerland, thirty-one human listeriosis cases were found in 2014 (four deaths were
reported). L. monocytogenes were found in ready-to-eat vegetables, juices and pre-cut salads.

Ready-to-eat salads could show the presence of various microbial pathogens including
Escherichia coli, Staphylococcus aureus, Salmonella spp., Listeria monocytogenes, Campylobac-
ter jejuni, Clostridium perfringens, total aerobic and spoilage bacteria, yeasts, and molds,
which are concerned with serious threats [14,15]. In addition, a high number of microorgan-
isms are also becoming a reservoir of antibiotic resistance genes, which has now become a
global problem [16,17].

Although the European Commission Regulation No. 852/2004 [18] on the hygiene
of foodstuffs requires businesses to implement Good Hygiene Practice and a food safety
management system based on hazard analysis and critical control point (HACCP) princi-
ples, many authors indicated that RTE food causes high microbiological risk [19]. However,
the knowledge of factors affecting the quality of RTE foods is still inconclusive.

The main objective of this study was to assess the microbiological quality of ready-
to-eat salads from the Polish market and to evaluate whether the composition, time,
and method of packaging had an impact on the shelf life of these salads.

2. Materials and Methods
2.1. Materials

Thirty salads were purchased in autumn at several discount stores from the Polish
market (Warsaw) and retail chains. The products were fresh, before the expiry date,
transported in thermal bags, and then refrigerated (4–8 ◦C) until the beginning of the study.
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The samples were tested on the day of purchase. All of the products were tightly packed in
plastic boxes like ‘lunch boxes’. Three salads of each type were purchased from the same
production batch and tested. Tables 1 and 2 present information about the tested salads
according to the manufacturers’ declarations.

Table 1. Ingredients of the tested salads according to the producer’s declaration.

Symbol and Name Ingredients of Vegetable Origin Ingredients of Animal Origin

S1—Mediterranean Iceberg lettuce, beet leaves, cherry tomatoes, olive oil,
black olives Mediterranean cheese

S2—Smoked chicken Lettuce, cherry tomatoes, dressing, toast Smoked chicken

S3—Mozzarella Lettuce, chicory, arugula, cocktail tomatoes, olive oil,
toast, spices, sunflower oil, salt Mozzarella cheese

S4—Vegetable salmon Lettuce, cherry tomatoes Smoked salmon, yoghurt

S5—Vegetable with blue cheese Lettuce, radicchio lettuce, pumpkin seeds, cranberry
sauce, cranberry, beetroot concentrate Blue cheese

S6—Vegetable with mozzarella Lettuce, chicory, radicchio, rocket, red pepper, fennel,
garlic, dried tomatoes, sauce Unripened rennet cheese

S7—With eggs and croutons Cabbage, croutons, cherry tomatoes, salt, pepper, sugar,
oregano, garlic

Boiled egg, ham, yoghurt, cream,
mayonnaise

S8—Sicilian lunch Cabbage, carrot, pepper, cucumber, sweet corn, red
beans, olives, spices Feta, yogurt, mayonnaise

S9—Caribbean lunch Cabbage, peach, raisins, sunflower seeds, pumpkin
seeds, corn, carrots, spices, soy sauce, pineapple, garlic Mayonnaise sauce, natural yoghurt

S10—Italian lunch Cabbage, lettuce, radish, cucumber, olives, toast, carrots,
oil, spices Cheese

S11—Pollo penne Pasta, lettuce, cucumber, pepper, onion, spinach, capers,
red cabbage Roast chicken, sauce

S12—Gyros lunch Lettuce, corn, cucumber, red cabbage, pepper, carrots,
radish, onion Chicken

S13—Indian lunch Lettuce, lentils, tomato, dried tomato, celery, onion,
sprouts and sunflower seeds, radish, sauce -

S14—Fit Cabbage, carrots, corn, peppers, fresh cucumber Cheese, ham, Caesar sauce

S15—Tuna Cabbage, sweet corn, pepper, canned peas Mayonnaise, tuna paste

S16—Potato Potatoes, cucumber, pickled peppers, onion, leek, spices Mayonnaise

S17—Golden Corn, peach, pineapple Canned ham, mayonnaise

S18—Home Carrots, potatoes, pickled peas, pickled cucumber, spices Boiled egg, mayonnaise

S19—Athenian Chinese cabbage, olives, canned peas, canned peppers,
corn, vinaigrette Feta cheese

S20—Classic Chinese cabbage, canned peas, canned peppers, corn Ham, cheese, mayonnaise

S21—Gyros Chinese cabbage, pickled peas, pickled peppers,
pineapple, corn Chicken, gyros sauce

S22—Classic tuna Chinese cabbage, canned peas, canned peppers, corn,
horseradish sauce Tuna

S23—Greek Iceberg lettuce, cucumber, pepper, olives, onion,
vinaigrette dressing Feta cheese

S24—Balkan Chinese cabbage, cucumber, pepper, carrots, onion Feta, 1000 islands sauce
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Table 1. Cont.

Symbol and Name Ingredients of Vegetable Origin Ingredients of Animal Origin

S25—Greek lunch Iceberg lettuce, tomato, olives, arugula, cucumber,
tomato, onion, sauce Feta

S26—Fit oriental lunch
Iceberg lettuce, Chinese cabbage, Italian cabbage, lettuce,
onion, pepper, carrots, pineapple, sunflower sprouts,
rucola, sesame, vinaigrette sauce

Crab sticks

S27—Fit Italian lunch
Chinese cabbage, iceberg lettuce, cabbage, lettuce, onion,
pepper, carrots, cucumber, corn, white bean, cherry
tomato

Mozzarella cheese, yoghurt sauce

S28—Fit Greek lunch
Chinese cabbage, iceberg lettuce, tomatoes, white
cabbage, onion, pepper, cucumber, corn, carrots, olives,
red beans, spices, vinaigrette

Feta cheese

S29—Mexican White cabbage, Chinese cabbage, carrots, corn, green
peas, beans, spices Mayonnaise

S30—Delecta White cabbage, apples, leeks, carrots, spices Mayonnaise

Table 2. Nutritional value and other information about the salads.

Salad
Symbol

Nutritional Value in 100 g of Product
Shelf Life

[day]
Storage

[◦C]

Modified
Atmosphere

[+/−]

Preservatives
[+/−]Energy

[kJ/kcal] Fat [g] Saturates [g] Sugars [g] Protein [g] Salt [g]

S1 551/133 12.0 4.2 1.9 3.9 0.8 3 1–7 + −
S2 419/100 5.0 1.1 6.1 7.2 1.2 5 1–7 + +
S3 662/160 12.0 4.2 5.3 5.9 0.3 5 1–7 + −
S4 397/96 6.6 0.6 2.8 5.5 0.7 1 1–6 + +
S5 733/176 11.5 8.0 8.4 8.8 0.3 1 1–6 + +
S6 334/80 3.4 1.4 5.9 5.4 1.8 1 1–6 + −
S7 665/154 9.5 4.5 15.0 2.0 0.6 6 1–8 − −
S8 253/61 3.0 0.7 4.4 2.5 0.6 2 1–6 − −
S9 665/160 10.3 1.4 11.1 4.5 0.4 2 1–6 − −
S10 470/113 8.3 1.9 5.0 3.4 0.8 2 1–6 − −
S11 896/214 14.8 8.5 18.0 2.2 1.8 7 1–8 − −
S12 439/105 6.3 0.8 4.5 7.2 0.3 2 1–8 − −
S13 452/108 6.0 1.6 9.0 3.0 0.8 6 0–7 − −
S14 419/100 4.5 3.5 8.4 6.5 1.5 6 2–7 − +
S15 406/97 5.4 4.4 3.0 9.2 1.7 1 2–7 − −
S16 389/93 3.5 0.4 14.5 1.0 1.2 1 0–7 − −
S17 574/137 6.6 1.3 16.0 3.5 1.8 6 0–10 − −
S18 389/93 4.6 0.3 11.8 1.2 1.2 3 0–4 − −
S19 447/108 9.0 1.4 10.8 2.7 1.0 3 0–8 − −
S20 461/111 8.4 1.9 5.9 4.6 0.7 2 1–8 − −
S21 395/95 6.9 0.7 7.1 3.1 0.4 2 1–8 − −
S22 345/83 5.5 0.5 12.2 4.5 0.5 2 1–8 − −
S23 440/105 9.5 3.5 3.2 3.0 1.7 3 2–4 − −
S24 276/66 5.1 0.8 4.5 2.0 1.2 3 2–4 − −
S25 553/134 12.0 3.3 2.9 3.2 0.6 3 2–4 − −
S26 528/126 9.1 4.6 3.3 7.6 0.9 3 0–8 − −
S27 391/93 2.6 0.4 9.8 7.3 0.8 3 0–8 − −
S28 645/154 13.5 4.1 4.9 1.6 1.1 3 0–8 − −
S29 620/148 9.1 3.6 13.0 2.0 1.6 1 1–4 − −
S30 590/141 9.6 1.1 11.1 1.8 0.3 1 1–4 − −

Explanatory: (+)—modified atmosphere/preservatives presence; (−)—modified atmosphere/preservatives absence.

The mixed ingredients of the ready-to-eat salads included raw and cooked ingredients,
e.g., vegetables (leafy vegetables, cherry tomatoes, and carrots), meat (ham, smoked chicken,
and grilled chicken), fish (salmon and tuna), cheeses, and carbohydrate sources (pasta,
and buckwheat). The tested salads differed in composition, shelf-life, the way they were
packed and storage temperature. The recommended maximum storage temperature as
indicated on the label was 10 ◦C. The shelf life was 1–7 days. Some of the salads had
dressings/sauces in sachets and some of the salads were mixed and ready to eat. In most
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cases, the producers did not give the composition of the dressings/sauces. Some of the
dressings/sauces in the salads were with the addition of preservatives.

2.2. Methods
2.2.1. Samples Preparation

Three salads were prepared from each production batch. First, 25 g of the salad
product was weighed by taking different ingredients to obtain a representative sample.
Then, 225 mL of peptone water (BioMaxima, Lublin, Poland) was added and homogenized
in a stomacher (Stomacher 80 Biomaster, Seward Limited, London, UK) for 5 min. Filtered
stomacher bags (BagFilter® 400 P, Interscience, Paris, France) were used to eliminate any
solid particles. Decimal dilutions were made, and the prepared samples were used for
further testing.

2.2.2. Microbiological Analysis

Microbiological tests (count of aerobic mesophilic total flora, Staphylococcus aureus,
Enterobacteriaceae, Escherichia coli, lactic acid bacteria, yeasts, and molds) were carried out
using the TEMPO® system (bioMérieux, Marcy-l’Étoile, France). The dehydrated culture
media in the bottles were prepared by adding 3.9 mL of sterile distilled water. Then, 0.1 mL
of the sample solution was added to them in a suitable dilution and vortexed (5–10 s;
Heidolph, Schwabach, Germany). The samples were incubated in INE 400 Incubator (Mem-
mert GmbH + Co.KG, Buechenbach, Germany) according to the manufacturer’s manual.
The results are presented on a logarithmic scale (log CFU g−1) and standard deviation.

The samples were analyzed for the presence of microorganisms commonly isolated
from RTE vegetables, i.e., Salmonella spp. and L. monocytogenes. The plate method was used
according to ISO standards [20,21].

The samples of the salads (25 g) were mixed with peptone water (BioMaxima, Lublin,
Poland) and incubated at 37 ◦C for 24 h to pre-incubation. For selective propagation,
nutrient broth (BioMaxima, Lublin, Poland) was used. An aliquot of 1 mL was withdrawn
and transferred to 9 mL of broth and incubated again at 37 ◦C for 24 h. Sterile Petri dishes
were poured into 15–20 mL of BGA (Brilliant Green Agar; Oxoid, Waltham, MA, USA)
and, after setting with an automatic pipette, surface culture was performed. Subsequently,
0.1 mL of the sample was applied to the surface of the substrate and spread over the
substrate with a sterile paddle. The cultures were incubated at 35 ◦C for 24 h. In the case
of a positive result on the BGA, a confirmation on the XLD agar was made (Xylose Lysine
Deoxycholate agar; LabM, Heywood, UK). Agar was poured onto a sterile plate and the
surface was set after solidification. Subsequently, 1 mL of the inoculated nutrient broth
was applied to the surface of the medium and spread over the substrate. The plates were
incubated at 37 ◦C for 24 h. The results are presented as the presence (+) or absence (−) of
Salmonella spp.

Samples of the salads (25 g) were mixed with half-Fraser broth (Oxoid, Waltham, MA,
USA) and incubated at 37 ◦C for 24 h. Then, 1 mL was removed and transferred to the Fraser
broth (Oxoid, Waltham, MA, USA) and incubated for 24–48 h. In sequence, 15–20 mL of
ALOA (Agar Listeria according to Ottaviani and Agosti; LabM, UK) was poured onto sterile
plates and the surface was set after setting. Using an automated pipette, a 1 mL test sample
was applied to the surface of the substrate and spread evenly over the substrate using a
sterile paddle. The cultures were incubated at 37 ◦C for 24 h. In the case of a positive result
on the ALOA, a confirmation on the PALCAM agar was made (LabM, Heywood, UK). Agar
was poured onto a sterile plate and the surface was set after solidification. Subsequently,
1 mL of the inoculated Fraser broth was applied to the surface of the medium and spread
evenly over the substrate. The plates were incubated at 37 ◦C for 24 h. The results are
presented as the presence (+) or absence (−) of Listeria monocytogenes.



Int. J. Environ. Res. Public Health 2022, 19, 1582 6 of 13

2.2.3. Statistical Analysis

Microbiological tests were performed in three replications (three repetitions with three
different products from the same batch). All of the data were analyzed using the Statistica
13 (TIBCO Software Inc., Palo Alto, CA, USA). Correlation coefficients were calculated and
a principal components analysis (PCA) using a correlation matrix and a cluster analysis
was performed

3. Results and Discussion

The tested salads were characterized by different microbiological quality. Table 3
below shows the results of the number of selected microorganisms and the results of the
presence of Salmonella spp. and L. monocytogenes.

Table 3. Microbiological quality of the tested RTE salads.

Salad
Symbol

Count of Microorganisms [log CFU g−1] Presence [+/−]

AC STA EB EC LAB YM SAL LM

S1 5.00 ± 0.11 <1.00 3.91 ± 0.23 <1.00 8.43 ± 0.17 3.60 ± 0.00 + −
S2 5.00 ± 0.00 <1.00 3.83 ± 0.01 <1.00 <1.00 4.32 ± 0.20 − −
S3 6.98 ± 0.12 <1.00 4.04 ± 0.06 2.11 ± 0.01 7.10 ± 0.01 5.00 ± 0.00 + −
S4 2.36 ± 0.06 <1.00 2.77 ± 0.13 <1.00 2.45 ± 0.10 2.00 ± 0.00 + −
S5 3.89 ± 0.07 <1.00 2.70 ± 0.00 2.69 ± 0.02 3.26 ± 0.00 6.00 ± 0.00 − −
S6 5.00 ± 0.00 <1.00 4.57 ± 0.02 5.00 ± 0.00 3.22 ± 0.00 2.42 ± 0.01 + −
S7 3.26 ± 0.00 2.00 ± 0.00 6.32 ± 0.00 <1.00 4.48 ± 0.00 6.00 ± 0.00 − +
S8 8.23 ± 0.16 <1.00 3.89 ± 0.00 4.08 ± 0.02 2.48 ± 0.00 6.00 ± 0.00 + −
S9 7.91 ± 0.01 <1.00 6.83 ± 0.00 <1.00 4.69 ± 0.13 3.96 ± 0.08 − +

S10 7.18 ± 0.00 <1.00 7.48 ± 0.12 <1.00 3.67 ± 0.27 6.00 ± 0.05 − +
S11 7.76 ± 0.04 <1.00 5.00 ± 0.00 2.48 ± 0.12 1.86 ± 0.00 2.91 ± 0.19 − −
S12 6.32 ± 0.00 <1.00 5.00 ± 0.00 2.99 ± 0.05 1.00 ± 0.00 5.00 ± 0.00 − +
S13 6.52 ± 0.00 <1.00 6.32 ± 0.12 2.74 ± 0.24 1.00 ± 0.00 3.11 ± 0.00 − +
S14 6.52 ± 0.00 <1.00 6.00 ± 0.00 4.08 ± 0.00 2.51 ± 0.19 2.00 ± 0.00 − −
S15 6.66 ± 0.10 <1.00 6.36 ± 0.14 2.90 ± 0.00 2.33 ± 0.00 2.00 ± 0.02 − +
S16 8.64 ± 0.06 <1.00 <1.00 <1.00 5.0 ± 0.00 7.00 ± 0.67 + +
S17 4.95 ± 0.01 3.54 ± 0.00 2.95 ± 0.10 <1.00 <1.00 2.00 ± 0.00 + +
S18 4.04 ± 0.00 2.91 ± 0.03 <1.00 <1.00 <1.00 1.00 ± 0.00 − −
S19 8.12 ± 0.58 <1.00 2.08 ± 0.00 1.80 ± 0.00 6.60 ± 0.02 2.30 ± 0.00 − −
S20 6.54 ± 0.00 <1.00 1.30 ± 0.05 1.00 ± 0.00 1.30 ± 0.05 <1.00 − −
S21 4.45 ± 0.05 <1.00 <1.00 <1.00 <1.00 4.30 ± 0.02 − −
S22 6.30 ± 0.00 <1.00 <1.00 <1.00 1.55 ± 0.00 3.14 ± 0.08 − +
S23 9.30 ± 0.20 <1.00 6.84 ± 0.50 5.55 ± 0.05 7.80 ± 0.50 6.60 ± 0.00 − −
S24 5.12 ± 0.43 <1.00 3.12 ± 0.03 2.30 ± 0.01 4.40 ± 0.03 3.01 ± 0.06 + −
S25 7.90 ± 0.00 <1.00 2.34 ± 0.00 1.22 ± 0.08 5.90 ± 0.04 5.80 ± 0.00 − −
S26 6.86 ± 0.00 <1.00 5.00 ± 0.12 <1.00 3.70 ± 0.10 2.12 ± 0.04 − −
S27 5.30 ± 0.10 <1.00 4.14 ± 0.02 <1.00 2.60 ± 0.00 <1.00 − −
S28 6.99 ± 0.01 <1.00 <1.00 <1.00 5.63 ± 0.07 4.38 ± 0.14 − +
S29 7.24 ± 0.00 <1.00 <1.00 <1.00 2.45 ± 0.30 4.16 ± 0.02 − −
S30 6.00 ± 0.00 <1.00 4.38 ± 0.01 2.90 ± 0.12 1.90 ± 0.00 1.18 ± 0.03 − −

Explanatory: AC—aerobic mesophilic total flora, STA—S. aureus, EB—Enterobacteriaceae family, EC—E. coli,
LAB—lactic acid bacteria, YM—yeasts and molds; SAL—Salmonella spp., LM—L. monocytogenes; <1.00—below the
detection level. The results are shown as log CFU g−1; means ± standard deviation; (+) presence of bacteria in
25 g of the product, (−) absence of bacteria in 25 g of the product; n = 3.

There are not many studies on microbiological tests on salads with dressings/sauces.
Typically, the studies apply only to raw vegetables or salad blends [22–28], only dress-
ings/sauces and pesto [29], or RTE products in general [30]. These mixtures are the least
processed and form a large part of the product, but they are not the only factors that
determine the quality of the final product. When ingredients are mixed together with green
leaves, cross-contamination may occur at any point in the production chain to consumption.
Cross-contamination can occur during processing when the equipment in contact with
potentially contaminated products is not regularly sanitized and cleaned [31].
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Although there are no established microbiological criteria for ready-to-eat foods in
the European Union, the only applicable regulation is Commission Regulation 1441/2007
(formerly Commission Regulation 2073/2005) [6,7]. However, it does not include this
category of food, but only their individual components. For fruit and vegetables, the limit
is established for bacteria E. coli (1000 CFU g−1 of product) and precut ready-to-eat fruit
and vegetables are limited in Salmonella (absence in 25 g of product). Ready-to-eat meat
products are limited in L. monocytogenes (100 CFU g−1 of a product or absence in 25 g of a
product) [7,32].

Although the total viable count is not a legislation criterion for RTE salads, it is an
important hygienic and sensory quality indicator, which may inform about the total micro-
biological status of the food. In the present study the total number of aerobic mesophilic
microorganisms found in the tested salads were on a different level and, on average, about
6 log CFU g−1 (ranged from 2.36 log CFU g−1 to 9.30 log CFU g−1) (Table 3). The lowest
total viable count of microorganisms was evaluated in salad S4. Salads S8, S9, S10, S11,
S16, S19, and S23 were characterized by a high number of total viable counts. The high
numbers of organisms in S16 and S23 salads were due to the high number of yeast and
molds (7.00 log CFU g−1 and 6.60 log CFU g−1, respectively) or Enterobacteriaceae family
bacteria (6.84 log CFU g−1). In salads S16, S19, and S23, high numbers of lactic acid bac-
teria were found. The count of total microbiota in the salads in this study was similar
to those observed in Polish studies by Berthold-Pluta et al. [33] who reported that the
count of aerobic mesophilic total microbiota in leafy vegetables and their mixes ranged
from 5.6 log CFU g−1 to 7.6 log CFU g−1. Similarly, Jeddi et al. [34] reported that the total
mesophilic microbiota observed in vegetables from Iran ranged from 5.3 log CFU g−1 to
8.5 log CFU g−1. Importantly, the count of aerobic mesophilic microbiota is an indicator of
only the overall microbiological quality of a food product and that there are no binding
standards for the quality of products of this type [33]. In general, aerophilic microbiota is
capable of growing, even at low temperatures; hence, its high number even when products
are stored in a refrigerator. The high number of packed ready-to-eat salads of all types of
vegetables in Portugal was classified as unsatisfactory due to the presence of more than
6 log CFU g−1 aerobic mesophilic microorganisms, even if Salmonella and L. monocytogenes
were not detected in any ready-to-eat salad samples [35]. Adopting only this criterion in
our research, we should classify 18 out of 30 of the tested salads as being unsatisfactory.

In three of tested salads (S7, S17, and S18) the S. aureus bacteria (2.00 log CFU g−1,
3.54 log CFU g−1, and 2.9 log CFU g−1, respectively) (Table 3) was revealed. In seven
samples of salads (S7, S9, S10, S13, S14, S15, and S23), bacteria of the Enterobacteriaceae
family in a number higher than 6 log CFU g−1 were found, which indicates a high degree of
microbiological contamination. Leff and Fierer [36] reported that vegetables, e.g., spinach
and lettuce, were mainly affected by the Enterobacteriaceae family and half of the salads were
contaminated with E. coli. Salads S6, S8, S14, and S23 showed high contamination levels
with E. coli (more than 1000 CFU g−1 limited according to the Commission Regulation
1441/2007). In the study of Faour-Klingbeil et al. [37], in vegetable salads, a high number
of bacteria Staphylococcus spp. (1.83–7.76 log CFU g−1) and bacteria from the E. coli group
(0.33–7.15 log CFU g−1) were found, which indicates the possibility of the large con-
tamination of vegetable salads with these bacteria. De Oliveira et al. [38] reported high
contamination vegetable salads with E. coli (53.1% of tested samples). As the authors
emphasize, the determination of E. coli is a good indicator for fecal infections, referring to
fresh, cut leafy vegetables. Other authors have reported that almost all of the salad samples
in Ghana were contaminated with E. coli and Bacillus cereus bacteria (96.7% and 93.3%,
respectively) [39].

Lactic acid bacteria (LAB) were also found in the tested salads, which can be explained
mainly by the presence of dairy additives as a salad ingredient, e.g., yogurt, cheese, blue
cheese, and mozzarella (salads S1, S3, S5, S6, S7, S8, S9, S14, S19, S23, and S25), or pickled
products like pickled cucumber (salads S16 and S18) (Table 3). LAB are a natural vegetable
microbiota [40], but may also contaminate a product [41,42]. Some LAB were found in
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fresh-cut vegetables (like iceberg, lettuce, or endive). A high number of LAB also affects
the total number of bacteria, greatly overstating them. In the majority of the samples
tested, a significant of yeast and mold was found (1.00–7.00 log CFU g−1). Significant yeast
and mold contamination of food products of this type was also determined by Abadias
et al. [43]. The observed numbers of yeasts and molds were lower than bacteria. Further-
more, the ranges in fresh-cut vegetables were from 2.0 log CFU g−1 to 7.8 log CFU g−1.

Fresh plant-origin products may be a vehicle for the transmission of bacterial pathogens,
e.g., E. coli, S. aureus, L. monocytogenes, and Salmonella spp. Food contaminated by fecal
microorganisms may be a source of antibiotic resistant organisms that can cause infections
in people. Raw vegetables that are particularly vulnerable to contamination with bacteria
are: lettuce, spinach, cabbage, cauliflower, celery, broccoli, and all salads packaged in a
modified atmosphere [44]. Among animal products, poultry, meat, and eggs are the main
infection sources of Salmonella [45,46].

The microbiological criterion for Salmonella spp. and L. monocytogenes in freshly-cut
vegetables is an absence in 25 g of food [7]. In the salad samples S2, S5, S11, S14, S18, S19,
S20, S21, S23, S25, S26, S27, S29, and S30, no pathogenic Salmonella and L. monocytogenes
were found (46.7% of samples). Salmonella spp. were found in eight of the tested salads
(salads S1, S3, S4, S6, S8, S16, S17, and S24). The L. monocytogenes species were detected
in salads S7, S9, S10, S12, S13, S15, S16, S17, S22, and S28 (Table 3). The presence of these
indicates high microbiological contamination and may be the cause of being affected by
one of the diseases, such as salmonellosis or listeriosis. In the study of Abadias et al. [43]
Salmonella strains were detected in corn salad, lettuce, spinach, and mixed salads (1.7%
of samples were contaminated). In other studies, the occurrence of Salmonella in RTE
vegetables varies, but usually does not exceed more than a few percent [38].

Bacteria in the Listeria genus are found in a variety of products, and they are clearly
evident in minimal processed food. Listeria is a bacterium with a broad spectrum of
development, capable of growing in harsh environmental conditions, and has the ability to
create biofilms which may be the cause of cross-contamination [47–49]. According to the
meta-analysis provided by Churchill et al. [50], the summary estimate of the prevalence
of L. monocytogenes was 2.0% in packaged salads. In the study of Söderqvist et al. [26],
L. monocytogenes was isolated from 1.4% of all RTE tested salads. This is a much lower
percentage of contamination compared to our own research, as well as the EFSA and ECDC
results (13.8%) [9]. According to the Scientific Report of EFSA [51], in 2010–2011, ready-to-
eat samples were contaminated with L. monocytogenes (1.7%, 0.43%, and 0.06% for fish, meat,
and cheese samples, respectively). Gurler et al. [52] found L. monocytogenes and Salmonella
spp. Contamination in RTE foods commercialized in Turkey (6% and 8%, respectively).
RTE meat products can be contaminated during or after processing by L. monocytogenes
and Salmonella spp. [32]. Moreover, all of the Salmonella spp. And L. monocytogenes isolates
exhibited resistance to one or more of the antimicrobial agents used. The results indicate
the need to improve hygiene standards and implement regulations in the RTE food chain
in order to ensure microbiological safety. On the other hand, Koseki et al. [53] presented
data about iceberg lettuce in Japan. No pathogenic bacteria, i.e., Salmonella, E. coli O157:H7
and L. monocytogenes, were found. The results of the study could be used to develop risk
management policies. In similar results, no pathogenic Salmonella in 233 vegetables, freshly-
cut fruits and sprout samples, were detected by Althaus et al. [54]. Xylia et al. [19] reported
that RTE salads from the Cypriot market are free from S. enterica and L. monocytogenes.

The principal components analysis (PCA) was used to analyze data obtained in the
present study and revealed 20 factors that determine the quality of salads, where the first
two explain 37.37% of variable variances. A dispersion of the first two factors (PC1 and
PC2) on the surface is shown below in Figures 1 and 2.
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It was found that the modified atmosphere of package (samples S1, S2, S3, S4, S5,
and S6) and preservatives (samples S2, S4, S5, and S14) used in the tested salads were
negatively correlated with total aerobic microbiota (−0.46 and −0.42, respectively), as well
as with L. monocytogenes presence (−0.35 and −0.28 respectively). Milk ingredients used
in salads were correlated with lactic acid bacteria occurrence (0.53), whereas meat (S17)
and eggs (S18) were correlated with S. aureus presence (0.31 and 0.37, respectively). On the
other hand, salt added to salads was important to prevent Salmonella and yeast and molds
developing (−0.45 and −0.33, respectively).

The number of bacterial cells may indicate the contamination of a product, its degree of
deterioration, but also may be part of the natural microbiota of the food product. According
to FAO/WHO [55], leafy vegetables (spinach, cabbage, lettuce, and watercress) and fresh
herbs (cilantro, basil, chicory, and parsley) are a group with a very high microbiological
risk. The threat is mainly E. coli, S. enterica, Campylobacter, Shigella spp., Hepatitis A
virus, Noroviruses, Cyclospora cayetanensis, Cryptosporidium, Yersinia pseudotuberculosis,
and L. monocytogenes. Leafy vegetables, as a rule, cannot be subjected to thermal treatment,
which prevents the deactivation of microorganisms. The cleaning of leaves is a crucial stage
in the production process. Moreover, other factors can extend the shelf-life of a product,
especially used as hurdle technology.

Increased hygiene at every stage of the production process, application of GHP,
GMP, and HACCP principles in the production plant, as well as maintenance of the
refrigeration sequence in product storage, can increase the microbiological safety of RTE
products [3,56,57]. Furthermore, packaging is a key element in the production of ready-to-
eat salads, which was found in our study. Samples in which a modified atmosphere was
used had lower total aerobic bacteria, as well as the L. monocytogenes count; however the
presence of Salmonella spp. was higher. These results being somehow inconsistent, may be
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a basis for further in-depth research, including more research samples. Packing in a modi-
fied atmosphere, which involves the use of a composition of non-atmospheric gases inside
the package and the use of appropriate packaging made from permeable materials, was
found as an effective method [24,58–60]. The shelf-life of pre-packed salads is determined
by microbial and chemical changes. According to Mir et al. [61] commonly used techniques
for the shelf-life prolongation of RTE foods are sanitizers, modified atmosphere packaging,
refrigeration, irradiation, high pressure processing, and essential oils.
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In ensuring the microbiological safety of products, it is also essential to maintain an
appropriate storage temperature [28]. A low temperature, usually kept at 0–4 ◦C, inhibits
the biochemical and chemical processes of microorganisms, which inhibits their growth
in the food product [61]. Söderqvist et al. [26] recommended a temperature lower than
4 ◦C, while the salads tested in this study had the recommended temperature by the
manufacturer even up to 10 ◦C. A low temperature is necessary to prevent the growth of
psychrotrophs (like L. monocytogenes) [62]. Ziegler et al. [63] recommended a temperature
lower than 5 ◦C, which could help minimize the risk of L. monocytogenes in RTE salads.
Xylia et al. [19] suggest that shelf-life testing is essential to understanding and developing
novel techniques to monitor the safety and quality of ready-to-eat products.

4. Conclusions

Based on the conducted tests, it was found that the microbiological quality of the
evaluated ready-to-eat salads was not satisfactory from the safety point of view. Due to
the increased interest of consumers in vegetable salad mixes with meat, fish, or cheese,
carbohydrate additives (e.g., pasta and toast), and the dressings/sauces available on the
market as ready-to-eat products, it is very important to study their microbiological quality.
These products are minimally processed; the risk of contamination with microorganisms,
including pathogenic ones, is high.

The results presented in this study indicate that there is a significant problem of the
presence of pathogenic microorganisms, mainly L. monocytogenes and Salmonella sp. in
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ready-to-eat salads. Although no negative visual changes of the products were observed,
there were a high number of bacteria, yeast, and molds in the products. It is noteworthy
that although the products appear edible according to visual inspection, they often contain
microorganisms that cause product spoilage, because the first signs of product spoilage
may not be visible. Taking into account the limitation of the study, which was the number
of samples, future investigation should include more research samples, differentiated in
terms of the packaging method and season. Such data would provide valuable information
and are in the great interest both of legislators and producers of food products.

It can be summarized that RTE food manufacturers should strive to reduce the possibil-
ity of microbial contamination, through the use of widely understood hygiene production
guidelines, using hurdle technology, which includes the modified atmosphere and storage
of products, especially with a temperature below 5 ◦C. Where possible, the heat treatment
of raw ingredients should be carried out, and raw products, i.e., leafy vegetables, should
be thoroughly subjected to washing and drying processes.

Author Contributions: Conceptualization, A.Ł.; methodology, A.Ł. and D.Z.; formal analysis, A.Ł.
and P.S.; investigation, A.Ł. and I.B.; resources, A.Ł.; writing—original draft preparation, A.Ł. and
D.Z.; writing—review and editing, P.S. and D.K.-K.; visualization, A.Ł. and D.Z.; supervision, D.K.-K.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Tomasi, N.; Pinton, R.; Dalla Costa, L.; Cortella, G.; Terzano, R.; Mimmo, T.; Scampicchio, M.; Cesco, S. New ‘solutions’ for

floating cultivation system of ready-to-eat salad: A review. Trends Food Sci. Technol. 2015, 46, 267–276. [CrossRef]
2. Maffei, D.F.; Alvarenga, V.O.; Sant’Ana, A.S.; Franco, B.D. Assessing the effect of washing practices employed in Brazilian

processing plants on the quality of ready-to-eat vegetables. LWT-Food Sci. Technol. 2016, 69, 474–481. [CrossRef]
3. Castro-Ibáñez, I.; Gil, M.I.; Allende, A. Ready-to-eat vegetables: Current problems and potential solutions to reduce microbial

risk in the production chain. LWT-Food Sci. Technol. 2017, 85, 284–292. [CrossRef]
4. Raffo, A.; Senatore, M.; Moneta, E.; Paoletti, F.; Peparaio, M.; Saggia Civitelli, E. Impact of different temperature abuse scenarios

on sensory quality and off-odour formation in ready-to-eat salad leaves. Int. J. Food Sci. Technol. 2021, 56, 2345–2356. [CrossRef]
5. Castrica, M.; Andoni, E.; Curone, G.; Copelotti, E.; Massacci, F.R.; Terio, V.; Colombo, S.; Balzaretti, C.M. Prevalence of Listeria

monocytogenes and Salmonella spp. in Different Ready to Eat Foods from Large Retailers and Canteens over a 2-Year Period in
Northern Italy. Int. J. Environ. Res. Public Health 2021, 18, 10568. [CrossRef]

6. COMMISSION REGULATION (EC) No 2073/2005 of 15 November 2005 on Microbiological Criteria for Foodstuffs. Available
online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02005R2073-20140601&from=DA (accessed on
2 December 2021).

7. COMMISSION REGULATION (EC) No 1441/2007 of 5 December 2007 Amending Regulation (EC) No 2073/2005 on Microbio-
logical Criteria for Foodstuffs. Available online: https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:322:0012:
0029:EN:PDF (accessed on 2 December 2021).

8. World Health Organization. Salmonella (Non-Typhoidal). Available online: https://www.who.int/news-room/fact-sheets/
detail/salmonella-(non-typhoidal) (accessed on 10 November 2021).

9. European Food Safety Authority; European Centre for Disease Prevention and Control. The European Union summary report on
trends and sources of zoonoses, zoonotic agents and food-borne outbreaks in 2017. EFSA J. 2018, 16, 5500. [CrossRef]

10. European Centre for Disease Prevention and Control. Technical Report. Eleventh External Quality Assessment Scheme for
Salmonella Typing. Stockholm, October 2021. Available online: https://www.ecdc.europa.eu/en/publications-data/eleventh-
external-quality-assessment-scheme-salmonella-typing (accessed on 10 November 2021).

11. World Health Organization. Listeriosis. Available online: https://www.who.int/news-room/fact-sheets/detail/listeriosis
(accessed on 10 November 2021).

12. European Centre for Disease Prevention and Control. Technical Report. Seventh External Quality Assessment Scheme for
Listeria monocytogenes Typing. Stockholm, June 2021. Available online: https://www.ecdc.europa.eu/en/publications-data/
listeria-monocytogenes-typing-seventh-external-quality-assessment-scheme (accessed on 10 November 2021).

13. EFSA BIOHAZ Panel. Scientific Opinion on the Listeria monocytogenes contamination of ready-to-eat foods and the risk for human
health in the EU. EFSA J. 2018, 16, 5134. [CrossRef]

http://doi.org/10.1016/j.tifs.2015.08.004
http://doi.org/10.1016/j.lwt.2016.02.001
http://doi.org/10.1016/j.lwt.2016.11.073
http://doi.org/10.1111/ijfs.14858
http://doi.org/10.3390/ijerph182010568
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02005R2073-20140601&from=DA
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:322:0012:0029:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:322:0012:0029:EN:PDF
https://www.who.int/news-room/fact-sheets/detail/salmonella-(non-typhoidal)
https://www.who.int/news-room/fact-sheets/detail/salmonella-(non-typhoidal)
http://doi.org/10.2903/j.efsa.2018.5500
https://www.ecdc.europa.eu/en/publications-data/eleventh-external-quality-assessment-scheme-salmonella-typing
https://www.ecdc.europa.eu/en/publications-data/eleventh-external-quality-assessment-scheme-salmonella-typing
https://www.who.int/news-room/fact-sheets/detail/listeriosis
https://www.ecdc.europa.eu/en/publications-data/listeria-monocytogenes-typing-seventh-external-quality-assessment-scheme
https://www.ecdc.europa.eu/en/publications-data/listeria-monocytogenes-typing-seventh-external-quality-assessment-scheme
http://doi.org/10.2903/j.efsa.2018.5134


Int. J. Environ. Res. Public Health 2022, 19, 1582 12 of 13

14. Bernardo, R.; Duarte, A.; Tavares, L.; Barreto, A.S.; Henriques, A.R. Listeria monocytogenes Assessment in a Ready-to-Eat Salad
Shelf-Life Study Using Conventional Culture-Based Methods, Genetic Profiling, and Propidium Monoazide Quantitative PCR.
Foods 2021, 10, 235. [CrossRef]

15. Koushki, M.; Koohy-Kamaly, P.; Sohrabvandi, S.; Mehrabi, S. Assessment of the Microbial Quality of Industrial Ready-to-Eat
Salads Containing Meat Products. Curr. Res. Nutr. Food Sci. 2021, 9, 662–670. [CrossRef]

16. Okafor-Elenwo, E.J.; Imade, O.S. Ready-to-eat vegetable salads served in Nigerian restaurants: A potential source of multidrug-
resistant bacteria. J. Appl. Microbiol. 2020, 129, 1402–1409. [CrossRef]

17. Zhou, S.Y.D.; Wei, M.Y.; Giles, M.; Neilson, R.; Zheng, F.; Zhang, Q.; Zhu, Y.G.; Yang, X.R. Prevalence of antibiotic resistome in
ready-to-eat salad. Front. Public Health 2020, 8, 92. [CrossRef] [PubMed]

18. COMMISSION REGULATION (EC) No 852/2004 of the European Parliament and of the Council of 29 April 2004 on the Hygiene
of Foodstuffs. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32004R0852&from=en
(accessed on 2 December 2021).

19. Xylia, P.; Botsaris, G.; Skandamis, P.; Tzortzakis, N. Expiration Date of Ready-to-Eat Salads: Effects on Microbial Load and
Biochemical Attributes. Foods 2021, 10, 941. [CrossRef] [PubMed]

20. ISO 6579-1:2017/AMD 1:2020; Microbiology of the Food Chain—Horizontal Method for the Detection, Enumeration and Serotyp-
ing of Salmonella—Part 1: Detection of Salmonella spp.—Amendment 1: Broader Range of Incubation Temperatures, Amendment
to the Status of Annex D, and Correction of the Composition of MSRV and SC. Available online: https://www.iso.org/standard/
76671.html(accessed on 2 December 2021).

21. ISO 11290-1:2017; Microbiology of the Food Chain—Horizontal Method for the Detection and Enumeration of Listeria monocytogenes
and of Listeria spp.—Part 1: Detection Method. Available online: https://www.iso.org/standard/60313.html(accessed on
2 December 2021).

22. Bovo, F.; De Cesare, A.; Manfreda, G.; Bach, S.; Delaquis, P. Fate of Salmonella enterica in a mixed ingredient salad containing
lettuce, cheddar cheese, and cooked chicken meat. J. Food Prot. 2015, 78, 491–497. [CrossRef] [PubMed]

23. Feroz, F.; Senjuti, J.D.; Noor, R. Determination of microbial growth and survival in salad vegetables through in vitro challenge
test. Int. J. Nutr. Food Sci. 2013, 2, 312–319. [CrossRef]

24. Oliveira, M.; Abadias, M.; Usall, J.; Torres, R.; Teixidó, N.; Viñas, I. Application of modified atmosphere packaging as a safety
approach to fresh-cut fruits and vegetables—A review. Trends Food Sci. Technol. 2015, 46, 13–26. [CrossRef]

25. Lokerse, R.F.A.; Maslowska-Corker, K.A.; Van de Wardt, L.C.; Wijtzes, T. Growth capacity of Listeria monocytogenes in ingredients
of ready-to-eat salads. Food Control 2016, 60, 338–345. [CrossRef]

26. Söderqvist, K.; Lambertz, S.T.; Vågsholm, I.; Boqvist, S. Foodborne bacterial pathogens in retail prepacked ready-to-eat mixed
ingredient salads. J. Food Prot. 2016, 79, 978–985. [CrossRef]

27. Söderqvist, K.; Lambertz, S.T.; Vågsholm, I.; Fernström, L.L.; Alsanius, B.; Mogren, L.; Boqvist, S. Fate of Listeria monocytogenes,
Pathogenic Yersinia enterocolitica, and Escherichia coli O157:H7 gfp+ in Ready-to-Eat Salad during Cold Storage: What Is the Risk to
Consumers? J. Food Prot. 2017, 80, 204–212. [CrossRef]

28. Tsironi, T.; Dermesonlouoglou, E.; Giannoglou, M.; Gogou, E.; Katsaros, G.; Taoukis, P. Shelf-life prediction models for ready-to-eat
fresh cut salads: Testing in real cold chain. Int. J. Food Microbiol. 2017, 240, 131–140. [CrossRef]

29. Caggiano, G.; Diella, G.; Trerotoli, P.; Lopuzzo, M.; Triggiano, F.; Ricci, M.; Marcotrigiano, V.; Montagna, M.T.; De Giglio, O.
A Pilot Survey on Hygienic–Sanitary Characteristics of Ready-To-Eat Sauces and Pesto. Int. J. Environ. Res. Public Health 2020,
17, 5005. [CrossRef]

30. Szymczak, B.; Szymczak, M.; Trafiałek, J. Prevalence of Listeria species and L. monocytogenes in ready-to-eat foods in the West
Pomeranian region of Poland: Correlations between the contamination level, serogroups, ingredients, and producers. Food
Microbiol. 2020, 91, 103532. [CrossRef] [PubMed]

31. Chaves, R.D.; Ruiz Martinez, C.R.; Bortolossi Rezende, A.C.; Dias Rocha, M.; Oteiza, J.M.; de Souza Sant’Ana, A. Salmonella and
Listeria monocytogenes in ready-to-eat leafy vegetables. In Food Hygiene and Toxicology in Ready-to-Eat Foods, 1st ed.; Kotzekidou, P.,
Ed.; Academic Press: Cambridge, MA, USA, 2016; Chapter 8; pp. 123–149. [CrossRef]

32. Neri, D.; Antoci, S.; Iannetti, L.; Ciorba, A.B.; D’Aurelio, R.; Del Matto, I.; Di Leonardo, M.; Giovannini, A.; Prencipe, V.A.;
Pomilio, F.; et al. EU and US control measures on Listeria monocytogenes and Salmonella spp. in certain ready-to-eat meat products:
An equivalence study. Food Control 2019, 96, 98–103. [CrossRef]
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