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ABSTRACT

This study evaluated the microbiological safety and selected physicochemical parameters of retail and model-formulated deli salads. The
dynamics of microbial contamination (total viable count — TVC, coliform bacteria, Bacillus cereus, microscopic filamentous fungi — MFF,
and yeasts) and physicochemical parameters (pH, water activity, and salt content) were monitored with respect to sample type and storage
conditions. Thirteen commercial deli salads were purchased from retail display counters and analysed immediately after purchase and
after 24 h of storage at 4 °C. In the second part of the study, one commercial sample and four laboratory-prepared model salads simulating
gastronomic practice were evaluated. All model ready-to-eat salads (Viassky Saldt, a traditional Central European mayonnaise-based deli
salad) contained identical ingredients but differed in the type of dressing (no dressing, mayonnaise, tartar sauce, or yogurt). Analyses were
performed immediately after preparation and after 12, 24, and 48 h of storage at 3 °C and 8 °C. Among retail samples, the highest TVC
was detected in Norwegian salad (3.38 log CFU/g) and “Devil’s” salad (3.37 log CFU/g), while the lowest was observed in Dutch salad
(1.91 log CFU/g). No statistically significant differences in TVC were observed during storage (P > 0.05), although a slight increase in
counts was recorded. Coliform bacteria were detected in only one sample and remained within legislative limits. Microscopic filamentous
fungi and yeasts occurred at low levels (<4x10! CFU/g). pH remained stable, whereas two samples exceeded the permitted salt content.
In model salads, storage temperature and time significantly influenced microbial growth (P < 0.05), with faster proliferation at 8 °C.
Dressings showed an initial inhibitory effect which decreased after 48 h. After 48 h at 8 °C, the lowest TVC was observed in mayonnaise
salad (5.22 log CFU/g) and the highest in yogurt salad (5.45 log CFU/g). Coliform bacteria were absent; however, yogurt salad exceeded
the limit for Bacillus cereus (4.13 log CFU/g). Yeasts and filamentous fungi remained low in all samples. Storage caused slight increases
in pH and water activity. All model salads prepared according to commonly available recipes exceeded the maximum salt content, except
the yogurt variant. The results highlight the importance of storage temperature control and formulation factors in ensuring the

microbiological safety of deli salads.
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INTRODUCTION

According to Decree No. 981/1996-100 of the Ministry of Agriculture of the
Slovak Republic and the Ministry of Health of the Slovak Republic, these products
are defined as follows: Delicatessen products are food products of various
compositions intended for rapid consumption and consisting of raw materials of
both plant and animal origin. These include mainly meat specialties, fish products,
cold kitchen products, mayonnaise-based salads, vegetable salads, garnished
bakery products, and confectionery products. The diversity of deli salads is very
extensive. There are well-known and popular products such as potato salad,
Vlassky Salat, ham salad, seafood salad and coleslaw, as well as regional, ethnic or
newly developed varieties including Cajun-style seafood salad, egg salad, spicy
Mexican bean salad, Japanese rice-wine salad or Greek pasta salad. In addition to
differences in the main food ingredients, deli salads are increasingly available on
the market in low-fat, low-salt and low-calorie formulations for health-conscious
consumers (Temgire et al., 2021). Deli salads usually consist of a mixture of
cooked or raw vegetables such as potatoes, tomatoes, olives, peas, carrots, lettuce
or cabbage, combined with additional ingredients including ham, chicken meat,
tuna, eggs or seafood. These components are typically mixed with mayonnaise or
salad dressing (Kumar et al., 2020). Mayonnaise is produced by emulsifying
vegetable oil with the aqueous phase of egg yolk. In general, the aqueous phase
consists of water, salt, sugar, vinegar, polysaccharides, additives and spices,
especially mustard. Mayonnaise is a relatively microbiologically stable product
due to its high fat content and the presence of acidic ingredients (Tayfur et al.,
2013). The microbial safety of these salads is a concern due to extensive handling
during preparation and the possibility of cross-contamination, particularly because
they are ready-to-eat products that do not require further heat treatment before
consumption (Hardin, 2023). These salads are conveniently packaged in plastic
containers, widely available in supermarkets, cafés or convenience stores, and
intended for consumption as complete meals (Soderqvist et al., 2016).
Commercial deli products manufactured in accordance with good manufacturing

practice do not represent a public health risk. The main concern arises from
improper handling by personnel. When inadequate hygiene practices are used,
cross-contamination may occur through contact with contaminated utensils,
unclean work surfaces or raw ingredients such as meat or vegetables (Krimer et
al., 2022; Mohamed et al., 2022). Raw materials used in deli production must be
safe and compliant with food regulations. Production must proceed continuously
to prevent contamination. Cooked ingredients must be cooled within 4 hours and
processed within 24 hours. Cold processing must be separated from thermal
processing. Only heat-treated hen eggs may be used. The temperature of
ingredients during mixing must not exceed +5 °C. Salads must reach pH < 4.5;
otherwise, they must be sold on the day of production. Mayonnaise-based salads
are stored at +5 °C, while other salads at +10 °C under refrigeration (Zeleniakova
etal.,2018).

This study aimed to evaluate the microbiological safety and physicochemical
characteristics of retail and laboratory-prepared deli salads in relation to
formulation and storage conditions.

Scientific Hypothesis

H1: We expect that storage at 8 °C significantly accelerates microbial growth
compared to 3 °C,

H2: We expect that dressing composition influences Bacillus cereus dynamics,
H3: We expect that model salads will exceed salt recommendations.
MATERIAL AND METHODS

Material and design of experiment

The methodology was designed to ensure accurate and reproducible assessment of

the hygienic quality of deli salads. Experiments were conducted under controlled
laboratory conditions while adhering to hygiene standards to minimize
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contamination. Two groups of samples were analyzed: commercial salads from the
display counters of a selected retail chain, and model ready-to-eat salads (Vlassky
Salat) prepared in the laboratory according to a defined recipe. In the first part of
the study, thirteen commercial deli salads were purchased from retail display
counters and analysed immediately after purchase (A) and after 24 h of storage (B)
at 4 °C. During storage, the samples were covered with plastic film and placed in
a refrigerator within storage facilities, reflecting typical handling under real retail
conditions. To ensure representativeness, subsamples were collected from three
different locations within each sample and subsequently homogenized. Analyses
were performed at defined time intervals and under controlled temperature
conditions in accordance with relevant ISO standards. Microbiological analyses,
as well as pH and salt content determination, were subsequently carried out.
Repeated analysis of the same batch after 24 h enabled monitoring of
microbiological and physicochemical changes during storage under real
conditions. The samples included various types of deli salads (Picture 1): Dutch
salad, fish salad with yogurt, potato salad (2x), Bulgarian salad, brigand salad, cod
salad, spring salad (2x), Mexican salad, gourmet salad, Norwegian salad, and
devil’s salad.

The second part of the study included one commercial deli salad and four
laboratory-prepared model salads simulating gastronomic practice (Table 1,
Picture 2). A model sample (300 g total weight) of traditional Viassky Salat
(Central European potato salad) was prepared using the following ingredients.
Boiled potatoes (waxy type A) formed the main component (123 g). Processed
meat (59 g), consisting of a mixture of common varieties (Junior, ham-type, and
Gothaj salami), was added as the protein source. Pickled cucumbers (25 g) and
sterilized peas (5 g) contributed to the characteristic flavour and texture. Root
vegetables included celery (10 g) and carrots (15 g), which were pre-cooked prior
to incorporation. The dressing consisted of full-fat mustard (5 g), Worcestershire
sauce (1.5 g), vinegar (4 g), sugar (2.5 g), salt (2.5 g), and ground black pepper
(0.5 g). The final consistency and flavour were achieved by adding 50 g of a
mayonnaise-based component (mayonnaise, tartar sauce, or yogurt-based dressing,
depending on the formulation).

All ingredients were weighed precisely and mixed thoroughly to obtain a
homogeneous sample.

Microbiological analyses, along with pH and water activity determination, were
performed immediately after preparation and after 12, 24, and 48 h of storage at 3
°C and 8 °C. Salt content was determined only at the initial stage of the experiment.

Table 1 Basic characteristics of analyses of model-formulated deli salads (Vlassky

Salat)
Ready-to-eat deli salad (Viassky salat) (C,M, T, Y, P)
C — deli salad without dressing (250 g)
Type of sample M — deli salad with mayonnaise dressing (300 g)

T — deli salad with tartar sauce dressing (300 g)
Y — deli salad with yogurt dressing (300 g)

P — commercially packaged deli salad (300 g)
3°C(C,M, T,Y,P)
8°C(C,M,T,Y,P)

Day 0: freshly prepared deli salad, analyzed immediately

Day 4 (a): deli salad analyzed after 12 hours

Storage conditions

Phases of sample

analysis Day 2 (b): deli salad analyzed after 24 hours
Day 3 (c): deli salad analyzed after 48 hours
Monitored _ .Phys_icochemical: pH, ay, salt contc?nt
Microbiological: TVC, MFF and yeast, coliforms and
parameters

Bacillus cereus

Decree No. 125/2017 Coll. of the Ministry of Health of the Slovak Republic
establishes storage conditions for semi-finished products, partially prepared dishes,

Table 2 Characteristic of microbiological analysis

and ready-to-eat meals. Dressings are classified as partially prepared dishes and
may be stored exclusively at 0—4 °C for a maximum of 24 hours.

Within the category of ready-to-eat meals, only vegetables, legume-, pasta-, fruit-
, and fish-based salads are explicitly defined. However, salads containing
mayonnaise are not clearly specified in terms of storage conditions and are not
explicitly included among cold kitchen products. According to the decree, the
above-mentioned salads and cold kitchen products may be stored at 0—4 °C for a
maximum of 12 hours. At temperatures of 5—8 °C, storage limits differ: salads may
be stored for up to 6 hours, whereas cold kitchen products are limited to 3 hours.
Freezing at -18 °C is not permitted.

The experimental design applied time and temperature parameters derived from
this decree, complemented by practical storage conditions commonly observed in
Slovak households.

I

Picture 2 Model-formulated deli salad samples
Methods

Microbiological parameters of hygienic quality: total viable count (TVC),
coliforms, microscopic filamentous fungi (MFF), yeast, Bacillus cereus. The
samples were inoculated using the pour plate or spread plate method, depending
on the type of analysis (Table 2). For microbiological analyses, the entire prepared
deli salad sample (300 g) was homogenized to obtain a representative and uniform
matrix. From the homogenate, an aliquot of 1 g was aseptically transferred into 9
mL of sterile diluent (sterile peptone water) to obtain the initial 10! dilution.
Subsequent serial decimal dilutions were prepared by transferring 1 mL of the
previous dilution into 9 mL of sterile diluent and thoroughly mixing. All
procedures were performed under aseptic conditions, and the prepared dilutions
were used immediately for microbiological analysis.

Microorganism Dilution Volume 1?1:(11?:11:1 Cultivation Standa(liglée/e;]ﬂl\}/;ethods
10,102,107, 10° o

TVC i 1 mL pour plate PCA agar 30 °C, 7243 hours STN EN ISO 4833-1

Yeast and MFF 10,102 0.1 mL spread plate DRBC agar 25 °C, 5 days STN ISO 7954

Coliforms 107!, 107 1 mL pour plate VRBL agar 30 °C, 24 hours STN EN ISO 4832

Bacillus cereus 107, 107 0.1 mL spread plate MYP agar 30 °C, 20 hours STN EN ISO 7932

e The enumeration of total viable count (TVC) was carried out using Plate
Count Agar (PCA), a non-selective medium widely used for the
determination of total bacterial population in food samples. Components of
PCA agar: agar, glucose, enzymatic casein hydrolysate, yeast extract.

e Determination of microscopic filamentous fungi (MFF) was performed
using Dichloran Rose-Bengal Chloramphenicol (DRBC) agar, a selective
medium for the isolation and enumeration of yeasts and filamentous fungi
in foods with water activity (a,) greater than 0.95.

e Components of DRBC agar: agar, magnesium sulphate, dextrose,
dichlorane, meat peptone Bengal red, dihydrophosphate potassium.

e The enumeration of coliforms was carried out using Violet Red Bile Lactose
(VRBL) agar, a selective medium commonly used for the detection and

enumeration of coliform bacteria in food samples. Components of VRBL
agar: agar, lactose, crystal violet, sodium chloride, yeast extract, neutral red,
meat peptone, bile salts.

. The enumeration of presumptive Bacillus cereus was carried out using
Mannitol Egg Yolk Polymyxin (MYP) agar, a selective medium commonly
used for the isolation and enumeration of Bacillus cereus in food matrices.
Components of MYP agar: agar, D-mannitol, sodium chloride, meat
peptone, meat extract, phenol red.

The culture mediums were prepared by weighing the corresponding amount of
dehydrated nutrient soil and subsequently mixing in distilled water. Culture




J Microbiol Biotech Food Sci / Zeleiidkova et al. 2026 : 15 (6) e14006

medium (except the VRBL agar) was then sterilized in an autoclave at the
temperature of 121 °C, pressure of 120 kPa, for 15 minutes.

Physicochemical parameters of hygienic quality: pH, water activity (a,,) and salt
(only in fresh samples). Measurements of individual parameters were repeated
three times in each sample.
e  Determination of water
Switzerland).
e Determination of pH — testo 206-pH2 (Testo, Germany).
. Determination of salt content — M926 Chloride Analyzer (Sherwood, UK).
The devise measures chloride ions in a water solution. A sample volume of
0.5 ml is required for measurement, and the result is shown in mg/L CI" or
mg % (mg/100mL) NaCl.

activity — LabMaser-a,, (Novasina AG,

While determinations of water activity and pH were made directly by measuring
on the devices, the salt content was recalculated according to the below formulas.

x =NaCl in %
A = value from the device in mg/L

Calculation of salt content in %:
x=A*0.0084

Laboratory analyses were conducted in the microbiological and physicochemical
laboratory of the Institute of Food Sciences, Faculty of Biotechnology and Food
Sciences, Slovak University of Agriculture in Nitra.

Statistical evaluation

To evaluate the obtained data, a basic statistical analysis was performed, which
included the calculation of the arithmetic mean (X), standard deviation (sx), and
coefficient of variation (v [%]). Microsoft Excel software was used to calculate
these statistical indicators. The data obtained were processed using graphs and
tables. For the statistical evaluation of differences between analyzed samples,
RStudio software was used, where the appropriate statistical analysis was
conducted. This included verification of the basic assumptions for statistical
testing, followed by analysis of variance (ANOVA) to assess the significance of
differences between groups. In cases where statistically significant differences
were identified, the Tukey HSD test was subsequently applied as a post hoc
analysis to determine specific differences between individual samples. The results
of the analysis are presented in tables. For the purposes of this study, only one
parameter from the Tukey HSD test was selected, namely Pap;. Results marked
with (+) indicate a statistically significant difference (P < 0.05), while results
marked with (—) indicate that differences between groups are not statistically
significant (P > 0.05). For clarity, the results were exported into a matrix.

RESULTS AND DISCUSSION
In line with the study objectives, two types of experiments were performed on retail

and model-formulated deli salads, encompassing microbiological and
physicochemical analyses.

Shohouhouowun

TVC (log CFU/g)
SO WL A A

SO OoOOoOoO

Dutch salad | NENEGEGNG-
> Fish salad with yogurt _____H
Potatosalad 1 B
Bulgariansalad ____ W
Brigandsalad T M
Cod salad | HEH

B A B A B A B A B

Retail deli salads

The total viable count of microorganisms is one of the key indicators in the field
of hygiene management. Although Decree No. 06267/2006-SL of the Ministry of
Agriculture of the Slovak Republic and the Ministry of Health of the Slovak
Republic does not specify limits for TVC in salads, these analyses were performed
in our experiment to detect potential microbiological contamination of the salads.

The results showed that the total viable count (TVC) increased in all analysed salad
samples after 24 h of storage at 4 °C under real retail conditions, where the samples
were covered with plastic film and stored in a refrigerator within storage facilities.
Some samples exhibited more pronounced microbial growth than others. The
Dutch salad showed the largest increase of 0.70 log CFU/g, rising from 1.91 + 0.24
log CFU/g to 2.61 + 0.10 log CFU/g. The fish salad with yogurt increased by 0.48
log CFU/g, from 2.07 + 0.09 to 2.55 + 0.14 log CFU/g. The potato salad exhibited
an increase of 0.58 log CFU/g, from 2.54 + 0.09 to 3.12 + 0.05 log CFU/g,
representing a significant rise. The Norwegian salad increased by 0.62 log CFU/g,
from 3.38 + 0.08 to 4.00 = 0.05 log CFU/g. Cod and spring salad samples showed
increases of 0.59 and 0.47 log CFU/g, reaching values of 2.68 + 0.04 and 3.30 +
0.13 log CFU/g, respectively, after 24 hours of sale. Storage did not significantly
affect TVC (P> 0.05).

As shown in Figure 1, the overall trend indicates that the increase in the number of
microorganisms after 24 hours of sale (period B) is minimal compared to freshly
prepared samples (period A). This slight increase suggests that no significant
microbial growth occurred during storage, which may be attributed to factors such
as proper storage conditions or the presence of preservatives that inhibit microbial
growth. Overall, it can be concluded that microbial growth remained relatively
stable in this case.

The results of yeast enumeration in deli salads showed a very low yeast level in all
samples. Most samples, especially in the fresh state (A), exhibited values below
1x10! CFU/g, indicating that yeasts were not present in significant amounts. After
24 hours of storage (B), some samples showed a slight increase in yeast
concentration, with the highest recorded value reaching <4x10' CFU/g. This
increase was most pronounced in the Dutch, Bulgarian, spring, and Diabolo salads;

however, even in these cases, the limit established for deli products by Decree No.
06267/2006-SL. of the Ministry of Agriculture and Rural Development of the
Slovak Republic was not exceeded (m=5x10* CFU/g).

The analysis of microscopic filamentous fungi showed that their overall counts
were low in all samples, with a slight increase observed after 24 hours of storage

in some cases. The highest values (<4x10!' CFU/g) were recorded in Dutch,

Bulgarian, spring, and Diabolo salads, while the fresh samples mostly exhibited
values below the detection limit or <1x10' CFU/g.

The enumeration of coliform bacteria showed that counts were below the

quantification limit (<1x10' CFU/g) in most samples, with a slight increase
observed after 24 hours in some cases. In Dutch salad, fresh samples were

<1x10' CFU/g, with one sample reaching <4x10' CFU/g after 24 hours. The most
pronounced increase was observed in Diabolo salad, where fresh samples

contained 1.8-3.5x10' CFU/g, rising to 5.8-6.5x10'CFU/g after 24 hours,

representing more than a twofold increase. Even in this case, the levels did not
exceed the maximum allowed for deli products according to Decree No.

06267/2006-SL. of the Ministry of Agriculture and Rural Development of the

Slovak Republic (m=10° CFU/g). One possible source of contamination may also

be the handling by workers who prepared or packaged this salad.

Spring salad 1 | RN
Mexicansalad ______ W
Gourmet salad | AR
Norwegian salad |
Spring salad 2 D
Potatosalad2 W
Devil's salad [ N NRNRBRBD

A B A B A B A B A B A B A B

Figure 1 The presence of TVC in retail deli salads

The pH measurements of different salad types showed that differences between
fresh samples and those stored for 24 hours were generally minimal (pH 4.10—
5.87). Only a few salads, such as the Brigand salad (5.25 — 5.30), Diabolo salad
(5.83 — 5.87), and Norwegian salad (5.11 — 5.13), exhibited a slight increase in

pH, while potato salad (4.10) and fish salad with yogurt (4.24 — 4.25) remained
unchanged. Overall, the pH of most salads remained stable after 24 hours of
storage.
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Table 3 Salt content in retail deli salads [mg/kg] (n=3)

Sample b E v [%] Sample X s, v [%]
Dutch salad 14,210 £0.019 1.36 Spring salad 1 16,540 £0.014 0.82
Fish salad with yogurt 16,760 £ 0.031 1.82 Mexican salad 18,570 = 0.023 1.26
Potato salad 1 10,400 £ 0.018 1.69 Gourmet salad 12,100 £ 0.013 1.07
Bulgarian salad 15,690 £ 0.079 5.03 Norwegian salad 12,260 = 0.009 0.75
Brigand salad 20,360 + 0.047 2.32 Spring salad 2 15,260 +0.027 1.74
Cod salad 7,530+ 0.039 5.17 Potato salad 2 9,610+ 0.051 531
Devil s salad 13,100 £ 0.018 1.41

The Ministry of Health of the Slovak Republic (Decree No. S08975-OL-2014)
does not specify a maximum allowable amount of added salt in delicatessen
products. These products often contribute significantly to daily salt intake, and
manufacturers lack clear guidance on salt content. For this reason, the Public
Health Authority of the Slovak Republic issued an opinion stating that delicatessen
products, such as mayonnaise-based salads and baguettes, can be classified as
“industrially produced chilled and frozen ready-to-eat meals” with a maximum
allowable salt content of 18,000 mg/kg.

Compared to the limit of 18,000 mg/kg, it is evident that based on the salt content
analysis, the Mexican salad (18,570 mg/kg) and Brigand salad (20,360 mg/kg)
exceed the maximum allowable amount of added salt (Table 3).

Model-formulated deli salads

As shown in Figure 2, the initial TVC in the fresh samples was low; however, it
gradually increased with prolonged storage time. After 12 hours, only slight
changes were observed, whereas after 24 hours—and particularly after 48 hours—
a pronounced increase in the microbial population was recorded in all samples.
Storage at 3 °C slowed the growth dynamics of microorganisms, with the most
marked increase occurring between 24 and 48 hours. At 8 °C, microbial growth

ORI r%N,Qa 2 3} <
m
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EEEEEE =

6,000
5,000
4,000
3,000
2,000

1,000

TVC (log CFU/g)

0,000

3

QOUUUU

Deli salad without dressing = Deli salad with mayonnaise
dressing

Deli salad with tartar sauce

was more intensive, confirming the significant effect of storage temperature on the
microbial stability of the product.

No substantial differences in growth dynamics were observed among the different
types of salads; all samples exhibited a similar trend primarily dependent on
storage temperature and duration. After 48 hours at 8 °C, the lowest TVC values
in the model-formulated deli salads were recorded in the sample with mayonnaise
dressing (5.22 log CFU/g), while the highest were observed in the sample with
yogurt dressing (5.45 log CFU/g). The most pronounced increase in total viable
count (TVC) observed in yogurt-based samples stored at 8 °C may be attributed to
several factors.

Yogurt dressing generally has a higher water activity and a less stable emulsion
structure compared to mayonnaise or tartar sauce, which are rich in fat and contain
antimicrobial components such as acetic acid and preservatives. These factors can
provide more favourable conditions for microbial growth. In addition, yogurt-
based dressings typically have a lower salt and fat content, reducing their inhibitory
effect on microorganisms. As a result, under conditions of temperature abuse,
microbial proliferation, particularly of mesophilic bacteria, is significantly
accelerated (Bornemeier et al., 1997; Le Marc et al., 2024). The statistical
analysis of TVC occurrence is presented in Table 5.
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Figure 2 The presence of TVC in model-formulated deli salads

Initial Bacillus cereus levels in the deli salad samples ranged from 2.42 to 3.92 log
CFU/g (Figure 3). During storage, a gradual increase was observed, with higher
temperature (8 °C) slightly accelerating growth. The highest values were recorded
in the sample with yogurt dressing (after 48 h at 8 °C: 4.13 log CFU/g), while the
other samples remained below the legislative limit of 4 log CFU/g according to
Decree No. 06267/2006-SL. From a food safety perspective, the detected levels up
to approximately 4 log CFU/g generally do not represent an immediate health risk
for consumers, as significantly higher counts (typically >10°-10° CFU/g) are
associated with toxin production and foodborne illness. However, the observed

4,50
4,00
3,50
3,00
2,50
2,00
1,50
1,00
0,50
0,00

Bacillus cereus (log CFU/g)

increase indicates that under conditions of temperature abuse or prolonged storage,
Bacillus cereus populations may reach levels of concern.

The slightly elevated counts observed in yogurt-based samples suggest that certain
formulations may provide more favourable growth conditions, thereby increasing
the potential risk under improper storage conditions. In practical terms, this
highlights the importance of maintaining the cold chain and limiting storage time
of ready-to-eat deli salads to prevent further microbial proliferation. Overall, all
samples except the yogurt-containing salad complied with safety limits, with
growth dynamics being mild and dependent on dressing type and storage
temperature.
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Figure 3 The presence of Bacillus cereus in model-formulated deli salads
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Overall, although most samples complied with legislative limits, the results
indicate a potential safety concern under suboptimal storage conditions,
particularly for products with higher water activity and less acidic composition.
The growth of Bacillus cereus is strongly influenced by environmental factors such
as pH, water activity, and the presence of organic acids, with higher growth rates
observed in less acidic and high-moisture systems (Le Marc et al., 2024;
Maktabdar et al., 2025).

The statistical analysis of Bacillus cereus enumeration is presented in Table 6.

In all analysed model-formulated deli salad samples, except for packaged samples,
yeast counts remained below 1x10! CFU/g throughout storage, indicating minimal
fungal growth. This may be attributed to unfavourable conditions for yeast
proliferation, particularly the relatively low pH and the presence of inhibitory
components such as organic acids and salt. In addition, competitive interactions
with bacterial microflora may further limit yeast growth.

Retail samples showed higher values (4x10' CFU/g), with the highest count
recorded after 48 h of storage at 8 °C (1.3x10? CFU/g), suggesting increased

microbial activity compared to the model-formulated samples. This may reflect
differences in raw material quality, handling practices, or initial microbial load.
Initial microscopic filamentous fungi (MFF) values were low or below 1x10'
CFU/g in most samples, indicating good microbiological quality of fresh products.
During storage, a slight increase was observed, with maximum values generally
recorded after 24 h. The higher storage temperature (8 °C) promoted more
intensive fungal growth, likely due to enhanced metabolic activity and faster
germination of fungal spores. However, the limited increase suggests that the
product composition still exerted a partial inhibitory effect.

The commercially packaged deli salads exhibited the highest microbial load,
particularly after 48 h at 8 °C, suggesting lower microbiological stability of the
product. This may be associated with higher initial contamination levels or a more
favourable composition for fungal growth.

The results further demonstrated that coliform bacteria were not detected in any of
the model-formulated deli salad samples, with values consistently below 1x10!
CFU/g regardless of the type of dressing, storage duration, or temperature. This
indicates good hygienic quality of raw materials and proper handling during
preparation, as coliforms are commonly used as indicators of sanitary conditions.
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Figure 4 Dynamics of pH in model-formulated deli salads

During storage at both 3 °C and 8 °C, a gradual increase in pH was observed in all
model-formulated deli salads (Figure 4), with a more pronounced effect at the
higher storage temperature. After 48 h, pH values ranged from 5.06 to 5.39 at 3 °C
and from 5.22 to 5.50 at 8 °C, depending on the type of dressing. This increase
may be associated with ongoing microbial activity, including the degradation of
organic acids and the production of alkaline metabolites, such as ammonia and
amines resulting from protein breakdown. The higher storage temperature likely
accelerated these biochemical processes, leading to a more rapid increase in pH
(Zelenakova et al., 2024).

In contrast, the commercial sample exhibited a relatively stable pH (4.97-5.01)
throughout storage, suggesting a higher buffering capacity and/or the presence of
acidifying components or stabilizers that contribute to pH stability.

Water activity in all model-formulated deli salads gradually increased during
storage, with a more pronounced rise observed at 8 °C. After 48 h, values ranged
from 0.851 to 0.938 depending on the type of dressing, with the greatest increase
detected in the sample containing tartar sauce.

The increase in water activity may be associated with structural and compositional
changes occurring during storage, including the degradation of macromolecules
and the redistribution of bound water into a more available (free) form. Microbial
activity may also contribute to this process, as enzymatic degradation of proteins
and polysaccharides can release water previously associated with the food matrix
(Tapia et al., 2020). The higher storage temperature likely accelerated these
processes, resulting in a more pronounced increase in water activity.

In addition, differences between dressings may reflect their composition,
particularly fat content and emulsification stability. Fat-rich emulsions, such as
mayonnaise and tartar sauce, may undergo partial destabilization during storage,
leading to water phase separation and an increase in measurable water activity
(Kirse-Ozolina et al. 2016).

The commercial sample showed the smallest change (0.782 — 0.800), indicating
greater physicochemical stability. This may be attributed to the presence of
stabilizing agents, emulsifiers, or optimized formulation, which help maintain
water binding capacity and prevent structural breakdown during storage.

Table 4 Salt content in model-formulated deli salads [mg/kg] (n=3)

Sample X £ 8¢ v [%]
Deli salad without dressing 20,030 £0.011 0.567
Deli salad with mayonnaise dressing 19, 060 + 0.006 0.289
Deli salad with tartar sauce dressing 20,340 = 0.006 0.288
Deli salad with yogurt dressing 12,440 £0.011 0.859
Commercially packaged deli salad 18,150 £0.010 0.551

The determination of salt content in model-formulated deli salads revealed that
most of the analysed samples exceeded the maximum permissible limit of 18,000
mg/kg established by Decree No. S08975-OL-2014.

The sample without added dressing exhibited a salt content of 20,030 mg/kg,
exceeding the legislative limit by 2,030 mg/kg. The sample containing mayonnaise
reached 19,060 mg/kg (exceeding the limit by 1,060 mg/kg), whereas the highest
salt content was observed in the sample with tartar sauce (20,340 mg/kg),
corresponding to an exceedance of 2,340 mg/kg. In contrast, the sample formulated
with yogurt dressing contained 12,440 mg/kg of salt and therefore complied with
the established limit. The commercial deli salad exhibited a salt content of 18,150
mg/kg, representing a marginal exceedance of 150 mg/kg (Table 4). The observed
differences indicate that the overall salt content was primarily influenced by the
composition of individual ingredients, particularly processed components such as
mayonnaise and tartar sauce, which are known to contain high levels of sodium
(Webster et al., 2010; Ahuja et al., 2015). From a technological perspective,
sodium chloride plays a key role in food preservation due to its ability to reduce
water activity (aw) and inhibit microbial growth (Albarracin et al., 2011). This
antimicrobial effect is mainly associated with osmotic stress and reduced
availability of free water, which limits microbial metabolic activity. However, in
the present study, the salt concentrations were insufficient to prevent microbial
proliferation, particularly under elevated storage temperatures (Barcenilla ez al.,
2022).

These findings suggest that, although salt contributes to microbial stability, its
effect may be outweighed by other factors such as temperature and overall product
composition.

The concentration of acetic acid and the low pH in mayonnaise-based salads
effectively inhibit the growth of most microorganisms and may exert lethal effects
on many of them. However, after the addition of vegetables, acetic acid is absorbed
by plant tissues, leading to a reduction in its concentration and a subsequent
increase in pH. The ability of certain pathogens to survive and grow at low
temperatures represents a significant risk factor, particularly during prolonged
storage of ready-to-eat foods under refrigeration (Brown et al., 2018).

Contrary to common belief, mayonnaise itself is not the primary cause of spoilage
in deli salads. Vegetables, and especially meat, provide favorable conditions for
the growth of pathogenic microorganisms, whereas mayonnaise and salad
dressings exert inhibitory effects on Salmonella spp., Staphylococcus aureus,
Bacillus cereus, and Clostridium perfringens. From a microbiological standpoint,
it is therefore advisable to mix the individual components as soon as possible and
subsequently store the product at low temperatures to minimize microbial growth
(Evans et al., 2020).

In the study by Chauhary et al. (2014), Bacillus cereus and E. coli was detected
more frequently in packaged salads (12.6%; 18/143) than in salads obtained from
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deli counters (2.0%; 4/198). The higher prevalence in packaged products may be
associated with extended storage during transportation and retail display, which
can create favorable conditions for bacterial growth. The occurrence in deli counter
salads was likely influenced by environmental exposure, inadequate refrigeration,
or cross-contamination during handling.

Allen (2018) states that foods with higher water activity generally support the
growth of a larger number of microorganisms. Bacteria usually require a water
activity value of at least 0.91, whereas molds and yeasts can grow at a minimum
value of about 0.6. Each microorganism also has its own minimum water activity
threshold below which it is unable to grow (Hao et al., 2017). Role of water activity
in food preservation was described by Rifna et al. (2022), Peleg et al. (2015) and
Tapia et al. (2015).

In the study by Tayfur et al. (2013), samples of ready-to-eat salads were analyzed
for the presence of total microorganisms, Escherichia coli, Salmonella spp. and
Staphylococcus aureus. Based on microbiological analysis, microorganisms were
detected in 210 out of 236 (89.4 %) retail salad samples, with their total counts
ranging from 1.1x102 to 2.9x10° CFU/g. The presence of Escherichia coli,
Salmonella spp. and Staphylococcus aureus was confirmed in 143 samples
(60.6%), with counts ranging from 1.3x102-3.6x10* CFU/g, 2.4x10>-7.1x10*
CFU/g (62 samples; 26.3 %) and 1.8x10°>-8.3x10* CFU/g (41 samples; 17.4%),
respectively.

In the study by Soderqvist et al. (2016), the microbiological safety of 141 ready-
to-eat deli salads containing chicken, ham, or smoked salmon was evaluated.
Samples were collected at retail level and analyzed for the presence of Listeria
monocytogenes, STEC, pathogenic Yersinia enterocolitica, Salmonella, and
Campylobacter spp. L. monocytogenes was isolated from 2 samples (1.4%). The
ail gene was detected in 7 samples (5.0%), and the stx1/stx2 genes in 3 samples
(2.1%); however, no pathogenic strains of Y. enterocolitica or STEC were isolated.
The results indicate that pathogenic bacteria or their genetic markers were present

in approximately 10% of the analyzed salads, highlighting a potential risk in retail
products in Sweden.

CONCLUSION

The study demonstrated that commercially available deli salads generally
complied with microbiological safety criteria, although excessive salt content
occurred in some products. No statistically significant differences in microbial load
were observed after 24 h of storage at 4 °C (P > 0.05), although a slight increase
in counts was recorded. In contrast, model-prepared ready-to-eat salads showed a
significant increase in microbial counts, particularly in total viable count (TVC)
and Bacillus cereus, depending on storage temperature and time. This confirms
that even slight temperature abuse (8 °C) markedly accelerates microbial growth.
The most pronounced increase in total viable count (TVC) was observed in model
salads with yogurt dressing stored at 8 °C, where microbial levels increased by
more than 3 log cycles during storage. Dressings appeared to influence microbial
growth, with lower microbial counts observed in mayonnaise-based formulations,
whereas yogurt-based dressing was associated with higher counts, particularly of
Bacillus cereus. Physicochemical parameters remained relatively stable, with only
minor increases in pH and water activity during storage. However, most model
recipes exceeded recommended salt levels, indicating that commonly used
formulations may not meet nutritional recommendations. Overall, deli salads
represent a microbiologically sensitive ready-to-eat product in which safety is
strongly influenced by refrigeration conditions and formulation. Strict temperature
control and optimized recipes are therefore essential to reduce microbial risk and
improve product quality. This study provides a novel combined evaluation of retail
and model-formulated deli salads, enabling both real-condition assessment and
controlled investigation of formulation effects, particularly dressing type.

Table 5 Statistical analysis of TVC in model-formulated deli salads using the Tukey HSD test

Sample C3a C3b C3c C8a C8 C8 M M3a M3b M3c M8 M8 M8 T T3a T3b T3c T8a T8 T8 Y Y3a Y3b y3c y8a y8b Y8 P P3a P3b P3c P8a P8b PS8c
C - + + - + + - - + + + + + - + + + + + - - + + + + + - + + + + +
C3a + + - + + - - + + - + + - - + + - + + - - + + - + + - + + - + +
C3b + + o+ - + + + + o+ - + + o+ - - + - -
C3c + - - + o+ - + + + + + o+ - + + o+ - - + - -
C8a + + + - + + - + + + + - + + - + + - + + - - + + - + +
C8b + o+ - + - - + + - + - - + o+ - - + + o+ - - + + -
C8c + o+ - + - - + + - + + - + o+ - - + + o+ - - + + -
M - + + + + + + + + + + + - - + + + + + -+ + + + + +
M3a + + + + + + + + + + - - + + - + + - - + + - + +
M3b - + - - + o+ - - + - - + o+ - - + + o+ - - + - -
M3c + - - + o+ - - + - + o+ - - + + o+ - - +

M8a + + + + - + + + o+ + + - + + - - + + - + +
MS8b - + o+ - - + - + o+ - - + + o+ - - + -

M8e¢ + o+ - - + + + o+ - - + + o+ - + +

T + + + + + - - + + - + + - + + - + +
T3a + + - + + - - + + - + + - + + - + +
T3b - + - - + o+ - - + + + o+ - - +

T3c + - + o+ - - + + o+ - - +

T8a + + + o+ + + - + + - - + + - + +
T8b + + o+ - + + + + o+ - - + -

T8c + o+ - - + + o+ - - + +

Y - + + + + + - - + + + + +
Y3a + + + + + - + + + + +
Y3b + + + o+ - - + -

Y3c + + o+ - - + +

J8a + + - - + + - + +
Y8b + o+ - - + -

Y8¢ + o+ + - + +

P - + + - + +
P3a + + - + +
P3b - +

P3c + - -
P8a + +
P8b

Adjusted P-value (P ADJ) is presented, where (P < 0.05, +) indicates a statistically significant difference and (P > 0.05, -) indicates no statistically significant difference.

Table 6 Statistical analysis of Bacillus cereus in model-formulated deli salads using the Tukey HSD test

Sample C3a C3b C3c C8a C8 C8 M T3a

T8¢ Y3b y3c y8a y8b Y8c P3b  P3c

M3a M3b M3c M8a M8b M8c T T3b
C - - + - - + - - - - - -
C3a - - - - +
C3b
C3c
C8a
C8b
C8c
M - - + - + + - - +
M3a -
M3b + - - - - -
M3c + - - + o+
M8a - - -
M8b - + -
MS8c + o+ -
T - +
T3a
T3b
T3¢
T8a
T8b
T8¢
Y
Y3a
Y3b
Y3c
J8a
Y8b
Y8c
P
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P3b
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Adjusted P-value (P ADJ) is presented, where (P < 0.05, +) indicates a statistically significant difference and (P > 0.05, -) indicates no statistically significant difference.
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