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ABSTRACT

The consumption and sale of ready-to-eat products, i.e., fresh-cut vegetable salads and fruit, have been gro-
wing tremendously in the present time. Therefore, the microbial safety of such products is of great concern.
In the current study, a survey of general microbiological contamination (mesophilic bacteria, yeasts, molds,
Enterobacteriaceae, coli bacteria, Enterococcus, Lactobacillus, and Escherichia coli) of fresh-cut vegetable
salads and berry-packed fruits available in Polish supermarket was undertaken.

In ready-to-eat salads, the high number of mesophilic bacteria ranged from 6.43 to 8.56 log,, cfu g™, and
also Enterobacteriaceae with mean value from 3.45 to 4.08 log,, cfu g! was detected. Mesophilic bacte-
ria, yeast, and Enterobacteriaceae were detected in all salad samples. The molds were detected in 45% of
salad samples, and their mean number ranged from 0.63 log,, cfu g in salads with carrot or beetroot to
1.80 log,, cfu g" in salads with rocket.

Berry fruit was also heavily microbiologically contaminated. In particular, the means of mesophilic bacteria,
molds, and yeasts were high. The number of molds detected in fruit samples, especially in raspberry samples,
could be alarming. Enterobacteriaceae, Enterococcus, and coli bacteria were detected in a few samples of
berry fruit. None of the ready-to-eat salads and fruit samples were contaminated by Escherichia coli.

Based on the tests that were conducted, it was found that the microbiological quality was not satisfactory.
The findings suggest that following hygienic measures during processing and handling, the microbiological
quality of vegetable salads and berry fruit available in Polish markets should be improved.
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INTRODUCTION

Consumers perceive fresh fruit and vegetables
as healthful and nutritious because of the numerous
scientifically substantiated and documented health be-
nefits. The demand for ready-to-eat (RTE) products,
including salads and fruit packed in small portions, is
significantly increasing. The products are easy to con-
sume; they do not need any preparatory work before
consumption. Therefore, they are also called “conve-
nience food”, which has become an increasingly com-
mon alternative to traditionally prepared meals. The
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consumption of these products increases, especially
during winter when fresh products are less availa-
ble. The fruit and vegetables are often imported from
other areas, affecting the products’ quality and dura-
bility and increasing the risk of cross-contamination.

Recent outbreaks of foodborne diseases worldwi-
de have been increasingly connected epidemiologi-
cally to the consumption of fresh fruit and vegetables
[Caponigro et al. 2010, Mir et al. 2018, Arienzo et al.
2020, Ktapec et al. 2022, EFSA 2023, Thomas et al.
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2024]. These cases have caused growers, fresh pro-
duce processors, distributors, retailers, importers, and
government public health officials to take note of the
considerable risk of contracting foodborne diseases
from consumption of fresh fruit and vegetables and to
evaluate current production and practices [Machado-
-Moreira et al. 2019].

Vegetable salads and fruit are eaten raw, without
being cooked, and often without being washed and
peeled, increasing the risk of food poisoning [Kumar
et al. 2022, Lepecka et al. 2022]. There are various
sources of microbiological contamination of RTE
products. Microorganisms can contaminate vegeta-
bles and fruit by growing, harvesting, and transpor-
ting them during production. Therefore, healthy food
quality depends on the conditions and ways of obta-
ining raw materials, pre-treatment, storage, transport,
and marketing practices. Commercially, vegetables
used to prepare RTE salads are washed before use.
However, it should be highlighted that washing does
not remove all microorganisms. Moreover, cutting
leaves causes tissue juice leakage and can stimulate
the multiplication of microorganisms in the product.
Moreover, cross-contamination may occur during pro-
cessing when equipment in contact with potentially
contaminated products is not regularly sanitized and
cleaned [Berthold-Pluta et al. 2017, Alegbeleye et al.
2018, Mir et al. 2018, Alegbeleye et al. 2022, Finger
et al. 2023].

Fruit and vegetables can become contaminated
with spoilage and pathogenic microorganisms at seve-
ral points from the field through the time they are con-
sumed. Given sufficient time at the right temperature,
microorganisms can grow on products to populations
more than 107 colony-forming units per gram of plant
material (cfu g'), causing an increased risk of human
infections. These microorganisms may pose a risk
due to the activity of undesired pathogens, the produ-
cers of toxins, bacteria-carrying antibiotic resistance
genes, and potential spoilage activity [Szczech et al.
2018, Zhang et al. 2020, Kowalska and Szczech 2022,
Kumar et al. 2022, Palumbo et al. 2022, Sobiczewski
and Takimova 2022, Murali et al. 2023, Thomas et al.
2024].

Fruits containing high sugars and other nutrients
and high water activity are an ideal matrix for micro-
bial growth. Their low pH makes them particularly

susceptible to fungal spoilage due to a big part of the
bacterial competition being eliminated since most bac-
teria prefer near-neutral pH. Soft fruits, in particular,
are very delicate and susceptible to microbial contami-
nation [Ortiz-Sola et al. 2020]. The fungi, e.g., Botrytis
sp., Alternaria sp., Cladosporium sp., and Penicillium
sp., grow very fast on fruit tissues [Williamson et al.
2007, Ktapec¢ et al. 2022, Bi et al. 2023]. Moreover,
the shelf life of soft fruit is limited to a few days po-
stharvest. Fruit loses its firmness, and its susceptibi-
lity to rot is very high if not appropriately preserved.
Individual spoilt fruit in packed containers is not un-
common when shopping in supermarkets, particularly
for raspberries and strawberries. Shop staff must make
a great effort to systematically check the condition
of the fruit in the containers to ensure that the fruit is
in a healthy condition [Tournas and Katsoudas 2005,
Ortiz-Sola et al. 2020].

Due to numerous cases of food poisoning caused
by microorganisms and toxins found in food, research
and the control of food products are essential [Kumar
et al. 2022, Lepecka et al. 2022]. There are legal regu-
lations concerning food, defining microbiological cri-
teria and limits for the occurrence of microorganisms
in food. However, these criteria apply to selected food
groups and regulate the selected acceptable limits
of microorganisms [Commission Regulation 2005,
Commission Regulation 2007].

Limited information is available about the inciden-
ce and survival of microorganisms in fresh, minimal-
ly processed vegetable salads and berry fruit sold in
Polish markets. Therefore, the study aimed to assess
the microbiological quality of ready-to-eat leafy ve-
getable salads and packed blueberries, raspberries,
and strawberries available in Polish supermarkets.

MATERIAL AND METHODS

Sampling and sample preparation. The research
was conducted for three years, in 2021-2023. Plant
material for the study was collected from some su-
permarket chains operating on the city’s territory in
Skierniewice (Province Lodz, central Poland). The
studied material comprised leafy vegetable salad (80
samples) and packed berry fruit (75 samples). The RTE
vegetable salads were a mixture of several ingredients,
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mainly lettuces mixed with other leafy vegetables (spi-
nach, rocket, Lamb’s lettuce) and fresh-cut vegetables
(carrot, beetroot). The mixes did not contain any sa-
uces, herbs, or spices. The salads were packed in ori-
ginal plastic packing units (primarily bags), containing
from 250 g to 500 g of the product. The products were
collected before the expiration date according to the
information on the label. To the laboratory, they were
transported in thermal bags and kept in a refrigerator
(4-8 °C) until use, but not longer than 12 hours. For
each product designed for testing, three packs from the
same batch were purchased simultaneously and used as
three replications of the product. Because the compo-
sitions of the salads were different, they were divided
into five groups: 1 —mixed lettuces (n = 24); 2 — lettuce
with rocket (n = 20); 3 — lettuce with Lamb’s lettuce
(n = 14); 4 — lettuce with spinach (n = 8); 5 — lettuce
with fresh cut carrot or beetroot (n = 14).

Fresh berries, blueberries, raspberries, and strawber-
ries were tested. All the berries were initially packed in
plastic containers with lids containing 125 g, 250 g, or
500 g of the fruits. The number of tested samples for
each kind was 25. The fruit was bought in original
plastic containers, immediately transported to the la-
boratory, and kept at 4 °C until analyzed, but for 12 h.
All samples were taken in triplicate.

Microbiological analyses. Polish standard me-
thodologies described in Table 1 were used to con-
duct microbiological analyses. Plant material (25 g)
with peptone water (225 cm™) was transferred into
sterile stomacher filter bags 400 cm™. The samples
were homogenized in a stomacher BagMixer® 400P,
Interscience, France (8 stroke/s, 10 min). The serial

dilution method and inoculation of selective me-
dia were used to determine the abundance and enu-
meration of the following microorganisms: aerobic
mesophilic bacteria (plate count agar — PCA), yeasts
and molds (yeast extract glucose chloramphenicol
agar — YGC), Lactobacillus (MRS agar according
to DeMan, Rogosa and Sharpe), Enterobacteriaceae
(violet red bile glucose agar — VRBG), Enterococcus
(Slanetza medium), coliforms (violet red bile lactose
agar — VRBL) and Escherichia coli (Chromacoult®
TBX agar). All used media were purchased from the
Merck company (Germany). The results were expres-
sed as colony-forming units per gram of plant material
(cfu g!). The data were transformed into logarithms
for statistical analysis. Representative colonies of fi-
lamentous fungi were observed under an Olympus
BX 41 microscope (Olympus Corporation, Japan) ba-
sed on morphological characteristics of the mycelium
(e.g., size, color, shape, presence or absence of septa,
presence of structures for sexual reproduction). They
were classified into genera according to the systematic
key [Dugan 2006].

Statistical analyses. The number of selected mi-
croorganisms was analyzed in a log scale (log,, cfu
g ). Different distributions characterized the depen-
dent variables from the experiments that were con-
ducted. The number of microorganisms was normal-
ly distributed (estimated Lilliefors test); hence, the
classical linear model was used, and an analysis of
variance was performed. The Tukey-Kramer procedu-
re made comparisons of the means at p = 0.05. The
number of contaminated samples in berry fruit was
analyzed through a generalized linear model (GLM)

Table 1. List of methodologies used to determine microbial quality

Determined microorganisms

Methodology description

Aerobic mesophilic bacteria

PN-EN ISO 4833:2004, PN-EN ISO 4833-1:2013-12 Microbiology of food and animal

feeding stuff — Horizontal methods for the enumeration of microorganisms. colony

count technique at 30 °C

Yeasts and moulds
technique at 25 °C

PN-ISO 7954 General guidance for enumeration of yeasts and moulds — colony count

Enterobacteriaceae PN-ISO 21258-2 Horizontal method for the detection and enumeration of
Enterobacteriaceae — Part 2: colony count method
Coliforms PN-ISO 4832 Horizontal method for the enumeration of coliforms — colony count

technique

Escherichia coli
Escherichia coli

PN-ISO 16649-2 Horizontal method for the enumeration of -glucoronidase-positive

Enterococcus

PN-EN 15788: 2009E Method for the detection and enumeration of Enterococcus spp.
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with a logistic link function because they had a bi-
nomial distribution. Type I likelihood ratio statistics
(LRT test) were used to test the global hypothesis.
When the tested effect was significant, a Wald test at
p=0.05 was used to assess differences among species.
Calculations and analyses were made using Statistica
v. 13 (Dell Inc., 2016).

RESULTS

The data obtained from the microbiological analy-
sis provided evidence that numerous natural microor-
ganisms inhabited ready-to-eat vegetable salads and
packed berry fruit, but they also contained microorga-

nisms that may adversely affect the consumers’ health
and safety.

The results obtained in microbiological analyses of
RTE salads were compared in groups depending on the
composition: 1) mix lettuce, 2) salads with rocket, 3)
salads with Lamb’s lettuce, 4) salads with spinach, 5)
salads with cut carrot or beetroot (Tables 2 and 3). The
most dominant microbial groups were mesophilic bac-
teria and yeast. The bacteria number was the highest
in salads with carrot or beetroot and ranged from 7.04
to 8.56 log,, cfu g'; the mean was 8.03 log,, cfu g
(Table 2). Mesophilic bacteria less contaminated the
other salads but the means were also high (7.63-7.71
log,, cfu g'). The yeast number was also the highest

Table. 2. Microbiological contamination (mesophilic bacteria, molds, yeasts) of the tested vegetable salads.

Total mesophilic bacteria Molds Yeasts
Salad type (logiocfu g™ (logiocfu g ™) (logiocfu g™
mean +SD (range) median mean £SD (range) median mean +SD (range) median
Mixed 7.67 £0.29a 1.2 £1.74a 6.37 £0.46a
lettuce (7.21-8.24) 7.74 (0.00-5.26) 0.00 (1.20-4.66) 6.35
Rocket 7.71 £0.35a 1.80 £1.98a 6.20 +£0.66a
(6.92-8.12) 7.85 (0.00-5.07) 1.16 (4.38-7.14) 6.26
Spinach 7.63 £0.47a 1.62 £1.83a 5.82 £0.65a
(6.67-8.03) 7.79 (0.004.41) 122 (4.80-6.62) 371
Lamb’s 7.63 +£0.53a 1.61 +£1.84a 6.13 £0.45a
lettuce (6.43-8.34) 772 (0.00-4.96) 133 (0.83-4.31) 6.19
Lettuce with 0.63 £1.21a
8.03 +0.36a 6.50 £0.71a
cl:)arrot or (7.04-8.56) 8.12 (0.00-3.98) 0.00 (4.79-7.70) 6.39
eetroot

Means followed by the same letter in the column do not differ significantly at p = 0.05 according to Tukey-Kramer test.

Table. 3. Microbiological contamination (Enterobacteriaceae, coli, and Lactobacillus bacteria) of the tested vegetable salads

Salad type Enterobacteriaceae Coli bacteria Lactobacillus
(logiocfu g™ (logiocfu g™ (logiocfu g™
mean +SD (range) median  mean +SD (range) median mean +SD (range) median
Mixed lettuce 3.78a+0.91a 34la+l.11a 2.71 £1.12 ab
(1.20-4.62) 4.08 (0.00-4.21) 382 (0.00-3.67) 3.20
Rocket 3.46a +0.84a 3.42a+0.74a 1.98 +1.13 b
(1.08-5.04) 349 (1.86-4.94) 3.58 (0.00-3.85) 2.29
Spinach 3.48a+1.08a 374 3.45a+0.74a 361 1.56 £1.09 b 171
(0.954.54) (2.284.37) (0.00-2.84)
Lamb’s 3.21a+1.10a 2.98a+1.31a 2.80 £0.84 ab
lettuce (0.83-4.31) 345 (0.95-4.42) 3:32 (1.48-3.99) 278
(E:rtrt;‘fzrw”h 3.242+1.35a . 3.50a £0.90a 58 3304144 a 307
beetroot (0.00-4.49) ' (0.83-4.26) ' (0.004.21) ’

Means followed by the same letter in the column do not differ significantly at p = 0.05 according to Tukey-Kramer test.
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in carrot or beetroot salads — 6.50 log,, cfu g, and
yeasts were present in all studied samples. The num-
ber of mesophilic bacteria and yeast compared among
different salads was not statistically significant.

Molds were detected in 45% of all salad samples
(Table 4). The contamination of RTE salads with molds
was low. The mold mean number ranged from 0.63 to
1.80 log,, cfu g!. These values indicate that the most
contaminated with molds were salads with rocket, spi-
nach, and Lamb’s lettuce. Salads with rocket obtained
the highest mean value — 1.80 log,, cfu g'. However,
differences among the studied kinds of salads were not
significant (Table 2).

Bacteria from the Enterobacteriaceae family were
detected in all salad samples (Table 4). Mean values for
these bacteria numbers were very close in all types of
salads and ranged from 3.21 in Lamb’s lettuce salads

to 3.78 log,, cfu g™ for mixed lettuce salads (Table 3).
Similar results were obtained for coli bacteria, ranged
from 2.98 in Lamb’s lettuce salads to 3.50 log,, cfu g™
for lettuce with carrot or beetroot. Salads had no si-
gnificant differences, and the average number of coli
bacteria was 3.35 log,, cfu g”'. Lactobacillus bacteria
were detected in 88% of salad samples (Table 4). Their
number was significantly higher in salads with carrot
or beetroot (the mean value 3.30 log,, cfu g™') than in
rocket and spinach salads. The Lactobacillus range in
the salads with carrot and beetroot was wide and esti-
mated from 0.00 to 4.21 log,, cfu g' (Table 3).

The studied berry fruit samples also contained high
microbiological contamination. The results obtained
for the species of berry fruit were compared with those
of other species. The overall microbiological contami-
nation of tested blueberry, raspberry, and strawberry

Table. 4. Rate of detection in percent (%) of microorganism groups by produce type and number of positive samples/number

of all examined samples

Total
Produce type mesophilic Molds Yeasts b Eme.m- Coli bacteria Lactobacillus
. acteriaceae
bacteria
Mix lettuce 100 (24/24) 42 (10/24) 100 (24/24) 100 (24/24) 96 (23/24) 92 (22/24)
Rocket 100 (20/20) 50 (10/20) 100 (20/20) 100 (20/20) 100 (20/20) 80 (16/20)
Spinach 100 (8/8) 50 (4/8) 100 (8/8) 100 (8/8) 100 (8/8) 75 (6/8)
Lamb’s
Ittuce 100 (14/14) 57 (8/14) 100 (14/14) 100 (14/14) 100 (14/14) 100 (14/14)
Lettuce with
carrot or 100 (14/14) 29 (4/14) 100 (14/14) 100 (14/14) 100 (14/14) 86 (12/14)
beetroot
All samples 100 (80/80) 45 (36/80) 100 (80/80) 100 (80/80) 99 (79/80) 88 (70/80)
Table 5. Microbiological contamination of the tested berry fruit by mesophilic bacteria, molds, and yeasts
Fruit type Total mesophilic bacteria Molds Yeasts
(logiocfu g (logrocfu g™ (logiocfu g™
mean + SD median mean +SD median mean +SD (range) median
(range) (range)
Blueberry 4.35+1.19a 3.39+1.27b 3.95+1.47a
(1.16-6.55) 4.95 (0.00-5.60) 300 (0.00-5.80) 4
Raspberry 4.75 £0.77a 4.89 +£0.37a 3.49 £1.72a
(2.54-6.25) 4.95 (4.03-5.41) 3:00 (0.00-5.84) 4
Strawberry 4.81 £0.56a 4.55 +£0.87a 4.03 £1.55a
(3.00-5.72) 4.82 (1.16-5.40) 481 (0.00-5.69) 4.50

Means followed by the same letter in the column do not differ significantly at p = 0.05 according to Tukey-Kramer test.
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Table 6. Microbiological contamination of the tested berry fruit by Enterobacteriaceae, coli, Enterococcus, and Lactobacillus

bacteria.
Enterobacteriaceae Coli bacteria Enterococcus Lactobacillus
Fruit type
average rate of average rate of average rate of average rate of
concentrati  detection  concentrati detection concentrat  detection concentrat  detection
on in [%] and on in [%] and ion in [%] and ion in [%] and
positive number positive number of positive number of positive number of
samples of samples contaminat samples contaminat samples contaminat
+SD contamin +SD ed samples +SD ed samples  £SD (logio  ed samples
(logio cfu ated (logio cfu (logio cfu cfug?)
gh samples gh gh
Blueberry  1.44 +1.16a 16 (4)b 1.16 £0.90a 16 (4)a 2.90a 4 (a 3.50 20 (5)a
+1.03a
Raspberry  1.25+0.76a 32 (8)ab  1.23 +0.83a 20 (5)a 0.62a 4 (Da 2.24 44 (11)a
+1.15a
Strawberry  1.89 £0.85a 48 (12)a  2.13 +0.96a 24 (6)a 1.20a 8(2)a 1.62 28 (7)a
+0.38a

In the average concentration, means followed by the same letter in column do not differ significantly at p = 0.05 according to Tukey-Kramer
test. In the rate of detection, means followed by the same letter in column do not differ significantly at p = 0.05 according to the Wald test.

samples is summarized in Tables 5 and 6. All sam-
ples contained mesophilic bacteria; their average
concentration was 4.35, 4.75, and 4.81 log,, cfu g
for blueberry, raspberry, and strawberry, respectively.
Molds contaminated all raspberry samples, and their
mean concentration (4.89 log,, cfu g') was higher
than in blueberry (3.39 log,, cfu g') and strawberry
(4.55 log,, cfu g™") samples. Yeasts were detected in
almost all samples, and their average concentration
was 3.49, 3.95, and 4.03 log,, cfu g for raspberry,
blueberry, and strawberry, respectively. Bacteria from
the Enterobacteriaceae family were present in 16%,
32%, and 48% of blueberry, raspberry, and strawberry
samples, respectively (Table 6). The data significantly
differed between blueberry and strawberry. Coli bac-
teria were detected in a few studied samples (Table 6).
Lactobacillus bacteria were detected in 20%, 28%, and
44% of blueberry, strawberry, and raspberry samples,
respectively. The highest number of these bacteria was
obtained in blueberries at 3.50 log,, cfu g™', and the lo-
west was in strawberries at 1.62 log,, cfu g!; however,
the differences were not significant (Table 6).

Escherichia coli was not detected in any ready-
-to-eat vegetable samples analyzed (n = 80) or fruit
samples (n = 75). Enterococcus bacteria were detected
only in 4 samples of fruit (Table 6) and not in any sam-
ples of salads.

Molds obtained from studied vegetable and fruit
materials were subjected to microscopic observations.
The following genera were dominated: Alfernaria,
Aspergillus, Botrytis, Cladosporium, Penicillium, and
Phialophora.

DISCUSSION

Food safety is a vital issue that affects public health
around the world. Eating food contaminated with fo-
odborne pathogens and spoilage bacteria or fungi can
cause serious diseases [Lepecka et al. 2022, Finger et
al. 2023]. Consumers view ready-to-eat products as
being ready for direct consumption without additional
processing. In addition, on the packaging, the produ-
cers of vegetable salads often declare that the product
is “washed and safe to consume” or “washed and rea-
dy to eat”. The information is misunderstood because
the consumers believe the products are safe, and their
alertness remains dormant. This means they often skip
washing the products before consumption [Balali et
al. 2020, Kowalska and Szczech 2022, Lepecka et al.
2022].

Our studies showed that microorganisms highly
inhabit RTE products. In the case of fresh-cut vegeta-
ble salads, there are bacteria and yeasts, but molds and
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bacteria are the dominant groups for berry fruit. Apart
from the hazard related to food poisoning, high mi-
crobiological contamination of cut RTE salads harms
sensory qualities, like texture, odor, appearance, and
taste [Balali et al. 2020]. It should be highlighted that
consumers buy more fresh, unprocessed products such
as fruit and vegetables. On the other hand, with people
paying particular attention to food safety and quali-
ty, consumers are demanding that fresh food should
have minor processing and most natural preservatives
[Mendoza et al. 2022]. However, they should be aware
of the risks associated with consuming such products.

In the studied RTE salads consisting of mixtures
of lettuce with other leafy or fresh-cut root vegetab-
les, mesophilic bacterial load was about 8 log  cfu g™
(Table 2) and Enterobacteriaceae plate counts up to
5.04 log,, cfu g'' for the salad with rocket (Table 3).
The high number of mesophilic and coli bacteria, and
Enterobacteriaceae carries an increased risk of food
poisoning. Moreover, the presence of coliforms in al-
most all examined samples indicated deficiencies in
production hygiene. The results agree with those con-
ducted by other researchers [Xylia et al. 2021, Uhlig
et al. 2022], who also studied microbiological conta-
mination of ready-to-eat salads throughout their shelf-
-life. In these studies, mesophilic bacteria ranged from
5.8't0 7.7 log,, cfu g and Enterobacteriaceae — from
2.0 to 5.0 log,, cfu g'. The researchers suggest that
the shelf-life time should be shorter than the present
recommendations. On the other hand, because of dif-
ferences between products, further studies are needed
to define these products’ correct shelf-life to ensure
a safe product even at the end of the shelf-life period.
In studies by Berthold-Pluta et al. [2017], total aero-
bic mesophilic bacteria in RTE lettuce mixed ranged
from 5.6 to 7.6 log , cfu g'. In the presented studies,
the amount was higher. It ranged from 6.43 log,, cfu
g't0 8.56 log , cfu g'' (Table 2). The count of meso-
philic bacteria is an indicator of only the overall mi-
crobiological quality of a food product, and there are
no binding standards for the microbiological quality of
products of this type. Good hygiene practices must be
introduced by producers in order to exclude bacterial
contamination.

The contamination of berry fruit by mesophilic
bacteria was also high, and average values were 4.35,
4.75, and 4.81 log , cfu g for blueberry, raspberry,
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and strawberry, respectively (Table 5). The lowest
contamination was estimated for blueberries. Since
these fruits have smooth, hard skin, they are proba-
bly impermeable to colonization by microorganisms.
Moreover, the fruits with limited contact with the
soil are harvested from branches at a certain distance
above the ground. On the other hand, raspberries and
strawberries are significantly thinner and more suscep-
tible to injury and breakage of the epidermis with
numerous indentations and fiber-like protuberances,
where the various microorganisms can easily attach
and invade the inner tissues of the fruit. Berry fruits
are also more susceptible to damage during harvest
and transport and are more vulnerable to microbial
multiplication. Notably, most of the berry fruit sam-
ples tested in the present study were imported, which
may explain the high colonization by mesophilic bac-
teria in these samples.

The microorganisms on plant products are prima-
rily of natural origin. However, the high number of
bacterial cells may indicate the contamination of a pro-
duct and the degree of its deterioration. According to
FAO/WHO [2003], leafy vegetables (spinach, lettuce,
cabbage) and fresh herbs have a very high microbio-
logical risk. Leafy vegetables, used in RTE fresh pro-
ducts, cannot be thermally treated, and deactivation of
microorganisms is problematic. Therefore, hygienic
cultivation of raw materials and cleaning of leaves are
crucial stages in the production process. All stages of
RTE salad production should be performed in highly
hygienic conditions [Olaimat and Holley 2012, Xylia
et al. 2019, Mendoza et al. 2022].

The European Union has no established microbio-
logical criteria for ready-to-eat food; the only applica-
ble regulation is the Commission Regulation [2007].
However, it does not include the food category, only
its components. For fruit and vegetables, the limit is
established for bacteria E. coli (1000 cfu g!' of pro-
duct), and pre-cut ready-to-eat fruit and vegetables are
limited to Salmonella (absence in 25 g of product). In
the microbiological criteria defined in Commission
Regulation 2073/2005 [2005], E. coli is controlled in
pre-cut vegetables. In our study, E. coli was not de-
tected in any of the analyzed samples. However, in
many other studies conducted in different countries
the bacterium was detected in leafy vegetable salads
also served as ready-to-eat products [Nousiainen et al.
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2016, Toe et al. 2017, Mir et al. 2018, Luna-Guevara
et al. 2019, Bhullar et al. 2021, Lepecka et al. 2022,
Uhlig et al. 2022, Al-Musawi et al. 2023, Habib et al.
2023]. In the presented study, the products were not
tested for Salmonella. However, it is worth noting that
Salmonella bacteria can contaminate plant products
and pose a risk to human health [Kowalska 2022].

Lactobacillus bacteria were isolated from 88% of
salad samples. Their presence is a positive phenome-
non because the bacteria can act as a biocontrol agent
through the production of antimicrobial compounds,
reactive oxygen species, and bacteriocins by exclu-
ding pathogens by pre-emptively colonizing plant
tissues vulnerable to infection [Agriopoulou et al.
2020, Ibrahim et al. 2021, Alegbeleye et al. 2023].

As regards molds, their number in salads ranged
from 0.63 for lettuce with carrot or beetroot to 1.80
for lettuce with rocket (Table 2) and in berry fru-
it — from 3.39 in blueberry to 4.89 log , cfu g for
raspberry fruit (Table 5). As no widely accepted va-
lues exist for permissible concentrations of molds in
vegetables, fruits, or both, the levels of the microor-
ganisms found and assessed in this study were com-
pared with the results obtained in other investiga-
tions. The data obtained by Ktapec¢ et al. [2022] for
strawberries and raspberries were lower and amoun-
ted to 3.08 and 3.49 log , cfu g, respectively. Ortiz-
Sola et al. [2020] obtained similar results, detecting
fungal populations in strawberries ranging between
2.10 and 5.86 log , cfu g'. The presence of molds
in salads is a common phenomenon, and its range is
vast [Arienzo et al. 2020, Younus et al. 2020, Ktapeé
et al. 2021, Lepecka et al. 2022]. Therefore, our stu-
dies agree with those of other researchers regarding
the identified fungi genera. According to Tournas and
Katsoudas [2005] and Ktape¢ et al. [2022], the most
common fungi found in berry fruit are Botrytis cine-
rea, Alternaria, Cladosporium, Penicillium, Fusarium
and Rhizopus. In the presented studies, the most com-
mon fungi found in berries were Alternaria, Botrytis,
Cladosporium, Fusarium, Penicillium, and Rhizopus.
Mainly, B. cinerea is a dangerous pathogen; it grows
rapidly and consumes the fruit, producing an unsightly
watery rot accompanied by an off odor. Devastating
losses of berry fruit have been reported in the past
[Hua et al. 2018]. Although the development of a pa-
thogenic fungus often starts from one or two berries,
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it quickly spreads over the neighboring healthy ones
and consumes the whole sample within 3—4 days. It
is also crucial that packed soft fruit in supermarkets
is not stored in refrigerators but on the shelf at room
temperature. These conditions are very suitable for
microorganism development. It is worth mentioning
that molds in fruits and vegetable salads may cause
chronic human diseases. The microorganisms produ-
ce mycotoxins (e.g., aflatoxins, ochratoxins, patulin,
trichothecenes, fumonisins, zearalenone), secondary
metabolites that can elicit severe systemic diseases,
e.g., carcinomas, systems dysfunctions and immuno-
suppressed states [Ktape¢ et al. 2022].

CONCLUSIONS

The obtained results suggest that the microbiolo-
gical quality of the evaluated ready-to-eat salads and
berry fruit was not satisfactory enough from a safety
point of view. Bacterial and yeast contamination was
observed in the salads, while in berry fruit molds and
mesophilic bacteria dominated. The number of molds
in raspberry fruits is alarming. The obtained data in-
dicate that such products have a high risk of conta-
mination with microorganisms. Notably, although the
products appear edible according to visual inspection,
they may contain microorganisms that cause product
spoilage or human diseases.

Considering the limitation of the study, which was
the lack of research on the presence of Sa/monella sp.
and Listeria monocytogenes in the studied products,
future investigation should be expanded. Such data
would provide valuable information and significantly
interest researchers, producers, and consumers of rea-
dy-to-cat salads and berry fruits.

The research presented concludes that preventive
measures in the fruit and vegetable production chain
must be considered to avoid possible foodborne dise-
ases related to the microbiological quality of the RTE
salads and fruit. Implementing Good Agricultural
Practices (GAP) during primary production and Global
Handling Practices (GHP) during postharvest stages
and processing seems to be an excellent solution to
mitigate microbial contamination while producing
RTE vegetables and fruit. Moreover, the application of
Hazard Analysis Critical Control Point (HACCP) prin-

https://czasopisma.up.lublin.pl/index.php/asphc
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ciples and adherence to the International Organization
for Standardization (ISO) 22000 standard can ensure
the quality and safety of these products [Raffo et al.
2022, Wajahat 2023, Thomas et al. 2024].

Given consumers’ increasing demand for conve-
nience food, the market share of pre-packaged fre-
sh-cut leafy salad vegetables on supermarket shelves
has increased lately. Considering the direct impact of
microbiological contamination of vegetable salads
and berry fruit on consumer safety, it is highly recom-
mended that the cultural level and health awareness of
producers of these products, workers at each stage of
production, and, first of all, consumers be raised.
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