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ABSTRACT

The main spoilage microorganisms of the vacuum-packaged sausages on the first day of chilled storage are the
bacteria of the following families: Enterobacteriaceae (Raoultella planticola, Raoultella ornithinolytica, and
Citrobacter freundii), Morganellaceae (Morganella morganii) and Staphylococcaceae (Macrococcus
caseolyticus), and at the end of the shelf life (on the twenty-first day) - Enterobacteriaceae (Proteus mirabilis,
Moellerella wisconsensis and Serratia liquefaciens). An appearance of cloudy juice, surface slime and
delamination of the vacuum packaging characterises the sausage spoilage. QMAFANM in the sausages was
increased by 1.09 Ig CFU/g and 1.53 Ig CFU/g on the first day of storage, by 1.18 Iy CFU/g and 1.54 Ig CFU/g
on the twelfth day, by 0.92 Ig CFU/g and 1.96 Ig CFU/g on the eighteenth day, respectively, compared to the
control sample, because “Vienna sausages with chicken fillet” were treated with starter culture SafePro BLC-
48 (Lactobacillus curvatus) or the mixture of starter cultures SafePro BLC-48 (Lactobacillus curvatus) +
Bactoferm Rubis (Lactococcus lactis subsp. Lactis) before vacuum packaging. Because the sausages were
treated with the mixture of starter cultures SafePro BLC-48 + Bactoferm Rubis, the lactic-acid microorganisms
were increased by 0.63 Ig CFU/g and 0.53 Ig CFU/g on the twenty-fifth and thirtieth days, respectively,
compared to the sausages that were treated with SafePro BLC-48. During the entire shelf life, no pathogenic
and opportunistic pathogenic bacteria, in particular S. aureus, L. monocytogenes, Salmonella spp., E. coli,
coliform bacteria, as well as yeast and mold, were detected in the sausages under all treatment options. The use
of starter culture SafePro BLC-48 (Lactobacillus curvatus) or the mixture of starter cultures SafePro BLC-48
(Lactobacillus curvatus) + Bactoferm Rubis (Lactococcus lactis subsp. Lactis) increases the shelf life of the
vacuum-packaged sausages if they are kept in a refrigerator for up to 30 days, which is 12 days longer than
their shelf life without treatment. The sausage treatment with the mixed starter cultures of the lactic-acid
microorganisms may be promising if the development of the aerobic spoilage bacteria is confirmed.
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INTRODUCTION

Animal meat is a valuable source of protein, lipids and biologically active substances [1]. It is processed into
cold smoked meats, meatballs, sausages, nuggets and meat loaves, but the sausages remain one of the most popular
products for consumers. Cooked meat products like sausages have a short shelf life and can spoil quickly. This
not only leads to an increased risk to the consumer’s health but also causes economic losses for the meat industry.
The shelf life of the sausages depends on the quality and microbial contamination of raw materials, the casing
type, and the packaging and storage conditions [2].
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The spoilage microflora of the meat products, in particular the sausages, consists of Staphylococcus aureus,
Streptococcus sp., Escherichia coli, Campylobacter jejuni, Shigella spp., Salmonella spp., Listeria
monocytogenes, Clostridium botulinum/perfringens, Bacillus cereus, which can be dangerous to the consumer
health [3], [4]. The microflora sources of the sausage products are the raw materials and technological operations
of preparation and processing: carcass cutting, deboning, trimming, salt pickling, making of minced meat, filling
of sausage casing with minced meat, as well as the air environment, staff hands, and technological equipment.

Reduced microbial contamination of sausages is the main condition for maintaining their quality, consumer
demand, and safety [5], [6], [7]-

The most common preservation method of cooked meat products is to add chemicals to the raw materials.
Synthetic chemical preservatives are widely used in the food industry to prevent spoilage caused by increased
microorganisms, enzyme activity, and oxidative processes in cooked sausages. However, their consumer appeal
is declining due to potential health risks and changes in organoleptic properties caused by synthetic preservatives
in food products, particularly sausages [8].

One of the most promising methods of reducing microbial contamination of meat [9] and meat products is
using microbial cultures of lactic acid microorganisms that can produce bacteriocins that inhibit the growth and
reproduction of spoilage bacteria [10]. The bacteriocins can interact with the microbial cell surface, increasing
the permeability of its membrane, inhibiting the formation of the cell wall components, and synthesising the
nucleic acid and protein [11], [12].

The most common bacteria used in the meat industry are the genus Lactobacillus [13]. They include
Lactobacillus curvatus, a facultative anaerobe capable of synthesizing the lactic acid from sugars [14], [15]. In
addition, L. curvatus has a variety of genes that determine the bacteriocin synthesis [16] and is often used as a
biological protective agent in fermented meat products that can inhibit the growth of spoilage bacteria. In addition,
an equally important factor is the possibility of using the bacteriocin produced by this microorganism by spraying
it onto a plastic film for active food packaging [17]. In addition to the bacteriocins, organic acids and hydrogen
peroxide, produced by L. curvatus metabolism, can reduce the pH-value of the medium when the meat products
are fermented and thus reduce their nitrite content [18], [19].

Due to the synthesis of the bacteriocins or antibacterial proteins the lactic-acid bacteria are highly effective
against food-borne pathogens such as Staphylococcus aureus, Pseudomonas fluorescens, P. aeruginosa,
Salmonella typhi, Shigella flexneri, Listeria monocytogenes, Escherichia coli O157:H7 and Clostridium
botulinum [20]. Furthermore, the results show that the bacteriocins can effectively inhibit the formation of the
biofilms of the pathogenic microorganisms [21]. It has been established that L. curvatus has a specific
antimicrobial activity against Campylobacter jejuni ATCC 33560, Camp. jejuni NCTC 11168, Listeria
monocytogenes ATCC 7644 and Bacillus subtilis ATCC 8633 [22].

It is known that one of the prerequisites for the shelf life of cooked meat products, in particular the sausages,
to be extended is the creation of anaerobic conditions, which are provided by the vacuum packaging, a modified
gas environment [23], as well as various oxygen absorbers based on iron nanocompounds, which are aimed at
reducing the intensity of oxidative processes in the food products [24], [25]. However, in that case this raises the
question of controlling the residual content of any chemical components in the food product, particularly the
sausages [26]. In this regard, Lactobacillus curvatus has advantages over any chemical preservatives, as it is also
a promising microorganism as a probiotic [27], with a pronounced resistance to the acidic pH-value of gastric
juice, lysozyme and bile components. In 2012, it was included in the “Catalogue of Microorganisms of Technical
Importance in Fermented Foods” of the Bulletin of the International Dairy Federation [28], and in 2013, it was
entered as a recommended biological agent in the qualification certification list of the European Food Safety
Authority's [29].

Scientific Hypothesis

Determination of the species composition of the spoilage microflora of the vacuum-packaged sausages while
storing in a chilled state will make it possible to select the effective strains of lactic acid microorganisms, which
are capable of inhibiting the growth of the spoilage bacteria. The sausage treatment with the starter culture of
lactic-acid microorganisms SafePro BLC-48 (Lactobacillus curvatus) or the mixture of starter cultures SafePro
BLC-48 (Lactobacillus curvatus) + Bactoferm Rubis (Lactococcus lactis subsp. Lactis) before vacuum packaging
will make it possible to determine the most effective treatment option for extending their shelf life in a chilled
state.
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MATERIAL AND METHODOLOGY
Samples

The first-grade “Vienna sausages with chicken fillet”, which are produced at a local meat-processing plant in
Zakarpattia region, were used as the study material. The lactic-acid microorganisms SafePro BLC-48
(Lactobacillus curvatus) + Bactoferm Rubis (Lactococcus lactis subsp. Lactis), which Chr produces. Hansen (Chr.
Hansen Ukraine, LLC), were used for these studies. The polyamide casing Mini Ralen (Devro, Czech Republic)
and the vacuum packaging Amilen PA/PE (Kozak+, Ukraine) were used to produce these sausages.
Chemicals

The media and diagnostic tests HiMedia (India) manufactured were used for microbiological studies. Plate
count agar M091 was used for QMAFANM to be determined. For the isolation and quantification of bacteria of
the genus Lactobacillus - Lactobacillus MRS Agar M641, for the isolation of pathogenic and non-pathogenic
staphylococci - Baird Parker, Agar M043, for Salmonella - Bismuth Sulphite Agar M027 and Xylose Lysine
Deoxycholate Agar M031, for L. monocytogenes - Agar Palcam, Agar Oxford, for Bacillus cereus - Bacillus
cereus (Selective agar) M833, for enterobacteria - Endo Agar, for E. coli and the bacteria of the Escherichia coli
group (E. coli) - Gissa's, Kessler, Endo Agar, Simmons Agar, XLD, for the isolation of yeast and mould -
Sabouraud Agar.

Animals, Plants and Biological Materials

Sausages, minced meat, SafePro BLC-48 (Lactobacillus curvatus) Chr. Hansen (Chr. Hansen Ukraine, LLC),
Bactoferm Rubis (Lactococcus lactis subsp. Lactis) Chr. Hansen (Chr. Hansen Ukraine, LLC)

Instruments
Petri dishes
Disposable microbiological tubes
Pipettes and dispensers of Eppendorf (Eppendorf, Germany)
The thermostat of Binder (Binder, Germany)
Mass-spectrometer of Bruker Daltonics, Maldi Tof microflex (Bruker Daltonics, Germany)
Laboratory Methods

The sausages were produced, treated and packed at a local meat-processing plant in Zakarpattia region
according to standard TU U 15.1-00419880-049-2003 [30].

The microbiological studies were conducted at the Transcarpathian Regional State Laboratory of the State
Service of Ukraine for Food Safety and Consumer Protection, Uzhhorod, and “Expert Centre “Biolights” LLC,
Ternopil. To determine the number of microorganisms, fungi and mould, the average samples of the sausages
were taken, and the washes from the sausage casings were made of 5 vacuum packages of each variant. For this
purpose, serial decimal dilutions were prepared in sterile normal saline. The number of microorganisms was
determined in colony-forming units (CFU), the results were expressed in Ig CFU/g for minced meat and Ig
CFU/cm2 for the surface of the sausage casings. The genus and species-level identifications of the isolated
microorganisms were performed following the current methods. Organoleptic studies of the sausages were
performed following standard DSTU 4823.2:2007 [31].

Description of the Experiment

“Vienna sausages with chicken fillet” were produced as per the traditional technology according to the
following recipe: main raw materials, kg/100 kg: greasy pork - 20, semi-greasy pork - 32, broiler chick fillet - 45,
potato starch - 3, water (ice) - 25; auxiliary raw materials, kg/100 kg: table salt - 2.30, sodium nitrate - 0.0075,
Emulin food additive (guar gum thickener (E412), milk protein mixture, sodium tripolyphosphate stabiliser
(E451), table salt) - 2, Ham flavour food additive (extracts of black pepper, garlic, allspice and lovage,
maltodextrin, soya protein hydrolysate, yeast hydrolysate, E621) - 0.2, enhanced milk food additive (spices and
spice extracts: cardamom, nutmeg, garlic, meat flavour and aroma, blood haemoglobin (colour fixer), E120, milk
proteins E451, E621, E316, E301, carriers (destractose, rice flour, salt) - 1.

Sample preparation: The casing, vacuum packaging of the sausages, minced meat and sausages were
sampled and their preparation for the microbiological studies was performed in accordance with the requirements
of standard DSTU 4823.2:2007 [31].

A total of 70 packages weighing 200 g each were used. The indicators of the control sausage variant were
compared with experimental sausage variant No. 1, which was treated with starter culture SafePro BLC-48
(Lactobacillus curvatus) before vacuum packaging, and experimental sausage variant No. 2, which was treated
with the mixture of starter cultures SafePro BLC-48 (Lactobacillus curvatus) + Bactoferm Rubis (Lactococcus
lactis subsp. Lactis) before vacuum packaging, as well as experimental sausage variant No. 1 with experimental
sausage variant No. 2.

Number of repeated analyses: 5 to 10 samples were used in each study.

Number of experiment replication: 1
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Design of the experiment: The studies were performed in two stages: the dominant species of the spoilage
microorganisms of “Vienna sausages with chicken fillet”, while storing the vacuum-packaged sausages in a
refrigerator at a temperature of 4+1°C, were determined at the first stage. 10 vacuum packs of “Vienna sausages
with chicken fillet” weighing 200 g each, which were studied for the species composition of the dominant
microflora on the first day and for spoilage signs (appearance of cloudy juice and its haziness) on the 21st day of
storage, were used for this purpose.

The treatment effectiveness of “Vienna sausages with chicken fillet” with the starter lactic-acid cultures
intended to inhibit the spoilage microorganisms while storing the vacuum-packaged sausages in a refrigerator at
a temperature of 4+1°C was studied at the second stage. The produced batch of the sausages was divided into 3
variants, which were treated according to the scheme given in Table 1.

Table 1 Experiment scheme for influence determination of starter cultures of lactic acid microorganisms on shelf
life of vacuum-packaged “Vienna sausages with chicken fillet” in a chilled state, n = 20.

Variant Study conditions
Control Vacuum-packaged “Vienna sausages with chicken fillet” of first grade
“Vienna sausages with chicken fillet” of first grade treated with starter culture
Experimental No. 1 SafePro BLC-48 (Lactobacillus curvatus) at the rate of 5x10% CFU/cm? of surface

before vacuum packaging

“Vienna sausages with chicken fillet” of first grade treated with the mixture of
starter cultures SafePro BLC-48 (Lactobacillus curvatus) + Bactoferm Rubis
(Lactococcus lactis subsp. Lactis) at the rate of 5x10° CFU/cm? of surface before
vacuum packaging

Experimental No. 2

Chr provided the starter cultures of the microorganisms. Hansen Ukraine and comply with the general food
safety requirements under Regulation No. 178/2002/EC [32].

All sausage variants were stored in a refrigerator until the spoilage signs appeared. The study results were
recorded on days 1, 12, 18, 25 and 30 of the sausage storage in a refrigerator.
Statistical Analysis

The obtained results were statistically processed using Microsoft Excel 2016 in combination with XLSTAT,
the tabulated data are presented as x = SD (mean + standard deviation). One-way analysis of variance was used
to compare the data. The difference between the groups was considered significant using the Tukey test at p<0.05.

RESULTS AND DISCUSSION

One of the most important factors determining the shelf life of cooked sausage products, including “Vienna
sausages with chicken fillet”, is the level of microbial contamination of the raw materials from which they are
produced. Greasy and semi-greasy pork, broiler chickfillets, and a mixture of spices and food additives determine
the microbial contamination of the minced meat for the sausages. As can be seen from the obtained data,
QMAFANM in the fresh minced meat for the sausages was at the level of 5.64 Ilg CFU/g. At the same time, after
cooking, this figure decreased to 1.89 Ig CFU/g (Fig. 1), which indicates that a significant part of the
microorganisms was neutralised after being subjected to the heat treatment and the requirements of current
standard TU U 15.1-00419880-049-2003 [30] are complied.

The casings used to produce the cooked sausages must be resistant to high temperatures and microorganisms
[34]. An analysis of the microbial contamination of the surface of the polyamide casing Mini Ralen revealed that
the number of QMAFANM, lactic-acid microorganisms, yeasts, and moulds on its surface did not exceed the
specified requirements. Similar results were obtained during the microbiological analysis of the vacuum multiwall
bags Amilen PA/PE (Table 2).

Table 2 Microbiological indicators of casing and packaging for sausages, x + SD, n = 5, lg CFU/cm?.
Microbiological indicators

Casin ic-aci
5 QMAFAnNM .Lactlc aC}d Yeasts and moulds
microorganisms
Polyamide casing Mini Ralen 2.140.12 <1 <1

Vacuum multiwall bags

Amilen PA/PE <1 <1 <1
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The shelf life of the sausages in a chilled state is also determined by using the casings and packaging materials
that can ensure their complete isolation from environmental factors and guarantee the absence of microbial
contamination [33].

In “Vienna sausages with chicken fillet” on the first day of vacuum-packaging storage, QMAFANnM did not
exceed 3 Ig CFU/g, which complied with the requirements of standard TU U 15.1-00419880-049-2003 [30] (Table
3); Macrococcus caseolyticus, which are gram-positive cocci and belong to the family Staphylococcaceae, were
detected among the dominant microorganisms. These microorganisms are often isolated from dairy products [35],
beef, pork and sausage products, which is consistent with the obtained study results. Macrococcus caseolyticus is
conditionally pathogenic microorganisms, which can cause animal diseases [36]. Besides of that, as the most
studied species of the genus Macrococcus, it is known for its ability to ferment with flavouring and tasting to food
products [37], as well as its ability to synthesise the lactic acid [38]. It is believed that no microorganism species
of the genus Macrococcus is considered pathogenic to humans [39], so it does not pose a danger to consumers as
an infection.

QMAFANM, Ig CFU/g
N w SN ol D ~

=

Fresh minced meat Ready minced meat

Figure 1 Microbiological indicators of minced meat for “Vienna sausages with chicken fillet”.
Note: x +£SD, n=5, * p<0.05 compared to fresh minced meat.

The shelf life of the sausages in a chilled state is also determined by using the casings and packaging materials
that can ensure their complete isolation from environmental factors and guarantee the absence of microbial
contamination [33].

The casings used to produce the cooked sausages must be resistant not only to high temperatures but also to
microorganisms [34]. An analysis of the microbial contamination of the surface of the polyamide casing Mini
Ralen revealed that the number of QMAFANM, lactic-acid microorganisms, yeasts, and moulds on its surface did
not exceed the specified requirements. Similar results were obtained during the microbiological analysis of the
vacuum multiwall bags Amilen PA/PE (Table 2).

Table 2 Microbiological indicators of casing and packaging for sausages, x + SD, n = 5, g CFU/cm?.
Microbiological indicators

Casin ic-aci
& QMAFAnNM .Lactlc acfd Yeasts and moulds
microorganisms
Polyamide casing Mini Ralen 2.1+0.12 <1 <1

Vacuum multiwall bags

Amilen PA/PE <l <1 <1

In “Vienna sausages with chicken fillet” on the first day of vacuum-packaging storage, QMAFANM did not
exceed 3 Ig CFU/g, which complied with the requirements of standard TU U 15.1-00419880-049-2003 [30] (Table
3); Macrococcus caseolyticus, which are gram-positive cocci and belong to the family Staphylococcaceae, were
detected among the dominant microorganisms. These microorganisms are often isolated from dairy products [35],
beef, pork and sausage products, which is consistent with the obtained study results. Macrococcus caseolyticus is
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conditionally pathogenic microorganisms, which can cause animal diseases [36]. Besides that, as the most studied
species of the genus Micrococcus, it is known for its ability to ferment with flavouring and tasting food products
[37], as well as its ability to synthesise lactic acid [38]. It is believed that no microorganism species of the genus
Macrococcus is considered pathogenic to humans [39], so it does not pose a danger to consumers as an infection.

Table 3 Microbiological indicators of vacuum-packaged “Vienna sausages with chicken fillet” while storing in a
chilled state, x + SD, n =5, 1g CFU/g.

Microbiological screening with the use of MALDI-

Study period QMAFANM TOF

Storage within the shelf life

} Macrococcus caseolyticus, Raoultella planticola, Raoultella
st +
1 day 2.78£0.55 ornithinolytica, Morganella morganii, Citrobacter freundii

Storage until spoilage signs appeared (cloudy juice and its haziness)

Proteus mirabilis, Moellerella wisconsensis, Serratia

-st
21 day 8.12 £1.05 liquefaciens

Raoultella planticola and R. ornithinolytica, which belong to the family Enterobacteriaceae - gram-negative,
non-motile, anaerobic bacteria of the genus Raoultella, which are most commonly found in water, soil and aquatic
environments, were also detected in the sausages with the shelf life of one day. They are capable of causing septic
processes of urinoexcretory ways in immunocompromised people, although little evidence of their pathogenicity
has been reported [40], [41]. Their origin in the sausages is associated with the raw materials of animal origin,
particularly with poultry meat [42], which, according to the recipe, was used for “Vienna sausages with chicken
fillet” to be produced.

Citrobacter freundii, which was detected in the sausages on the first day of storage, belongs to the genus
Citrobacter, family Enterobacteriaceae. These gram-negative, motile, facultatively anaerobic bacteria are isolated
from chicken meat, cold-stored minced meat, and cooked-stewed sausages [43], consistent with our studies.

Morganella morganii, a gram-negative, facultatively anaerobic bacterium of the family Morganellaceae, was
among the microorganisms that dominated the samples of “Vienna sausages with chicken fillet” on the first day
of storage. This microorganism was detected in cheese and horse meat [44] and in fish products, where it forms
biogenic amines, the content of which indicates the product spoilage [45]. Since the sausages consisted of food
additives containing milk proteins, they could have been the source of this bacterium, but this needs to be
confirmed.

Under standard TU U 15.1-00419880-049-2003 [30], the shelf life of first-grade “Vienna sausages with
chicken fillet” in a polyamide casing while storing in a refrigerator at a temperature of 0 to +6°C is 12 days. Still,
the use of the vacuum packaging, as expected, extended this period and the organoleptic signs of the product
spoilage, such as cloudy juice and packaging delamination, were detected on the 21st day of storage.

During this period, QMAFANM in the sausages exceeded the permissible value of 3 Ig CFU/g following
standard TU U 15.1-00419880-049-2003 [30], (Table 3). Among the dominant microorganisms which caused the
sausage spoilage, no bacteria were detected that were the main ones in the sausages on the first day of storage,
which indicates that the vacuum packaging or the temperature mode created the conditions that were unsuitable
for the growth and reproduction of the microflora as mentioned earlier while storing the sausages in a refrigerator.
It was also found that among the main bacteria which caused the sausage spoilage were representatives of the
family Enterobacteriaceae, particularly Proteus mirabilis, Moellerella wisconsensis and Serratia liquefaciens.

Proteus mirabilis is a facultatively anaerobic, conditionally pathogenic microorganism, which is transmitted
through food. It is one of the most common histamine-producing bacteria in fermented meat products, particularly
in the sausages [46]. Moellerella wisconsensis, detected in the sausages with the spoilage signs, is a gram-
negative, facultatively anaerobic, nitrate-reducing and oxidase-negative rod. They are also often detected in
cooked ham with spoilage signs [47]. Serratia liquefaciens is a gram-negative, facultatively anaerobic
microorganism often detected in chilled pork meat [48]. Likely, the storage of vacuum-packaged “Vienna
sausages with chicken fillet” in a refrigerator has provided the conditions for the growth and reproduction of these
microorganisms.
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Thus, the main microorganisms which are capable of causing sausage spoilage at the early stages are the
bacteria of the families Enterobacteriaceae, Morganellaceae and Staphylococcaceae, but at the end of the shelf
life - only the bacteria of the family Enterobacteriaceae, which are widely distributed in the raw materials for the
sausages to be produced and in the environment. Therefore, it is possible to inhibit the growth of the bacteria,
which can cause their spoilage, using the starter cultures of the lactic acid microorganisms.

When “Vienna sausages with chicken fillet” were treated with the starter culture of lactic-acid microorganisms
SafePro BLC-48 (Lactobacillus curvatus) or the mixture of SafePro BLC-48 (Lactobacillus curvatus) +
Bactoferm Rubis (Lactococcus lactis subsp. Lactis) before vacuum packaging, QMAFANM in the sausages on
the first day of storage was increased by 1.09 Ig CFU/g and 1.53 Ig CFU/g, respectively, compared to the control
ones.

When “Vienna sausages with chicken fillet” were treated with starter culture SafePro BLC-48, QMAFAnM
was increased by 1.18 lg on the 12th day of storage in a chilled state; when “Vienna sausages with chicken fillet”
were treated with the mixture of starter cultures SafePro BLC-48 + Bactoferm Rubis, QMAFANM was increased
by 1.54 Ig CFU/g compared to the control ones. At the same time, in the experimental variant, where the mixture
of starter cultures was used, QMAFANM exceeded by 0.36 Ig CFU/g compared to the same indicator in the variant
using one starter culture. A similar pattern concerning QMAFANM in the sausages of both experimental variants
was observed on the 18th day of storage.

The sausages of the control sample showed signs of spoilage on the 21st day of storage, manifested by the
appearance and haziness of the juice and the delamination of the vacuum packaging, which prevented further
storage and study.

The storage of “Vienna sausages with chicken fillet” of both experimental variants for up to 25 days showed
that they complied with the valid standard requirements for organoleptic indicators. However, QMAFANM in
them continued to increase. At the same time, when the sausages were treated with the mixture of starter cultures
SafePro BLC-48 + Bactoferm Rubis, QMAFANM in the sausages was 1.37 Ig CFU/g higher than when the
sausages were treated with starter culture SafePro BLC-48 (Table 4).

Table 4 QMAFANM in “Vienna sausages with chicken fillet” if treated with starter cultures of lactic-acid
microorganisms and stored in vacuum packaging in a chilled state.
Variant

Experimental No. 2

Study period Control Experimental No. 1 SafePro BLC-48 + Bactoferm
SafePro BLC-48 .
Rubis

1 day 2.36 £0.32 3.45 £0.35* 3.89 +£0.49*

12" day 2.51 £0.35 3.69 £0.15%* 4.05 £0.28% **

18" day 3.01 £0.27 3.93 £0.22* 4.97 £0.65% **
25 day - 4.56 £0.34 5.93 £0.24**
30" day - 7.78 £0.41 8.29 £0.60**

Note: x + SD, n =5, Ig CFU/g, * p<0.05 compared to the control sample, ** p<0.05 compared to experimental
variant No. 1

On the 30th day of storage, under both variants of the treatment with the starter cultures, the organoleptic
indicators of “Vienna sausages with chicken fillet” complied with the valid standard requirements. Still,
QMAFANM in them continued to increase, and if the mixture of the starter cultures was used, it exceeded by 0.51
Ig CFU/g, the same variant where the single culture was used. Such an increase in QMAFANM indicates that the
starter lactic acid cultures of microorganisms continue their vital activity and growth in the sausages.

The number of the lactic-acid microorganisms in “Vienna sausages with chicken fillet” on the 1st and 12th
days of storage if treated with starter culture SafePro BLC-48 did not differ from the control sample, while
treating with the mixture of starter cultures SafePro BLC-48 + Bactoferm Rubis increased the number of the
lactic-acid microorganisms by 0.3 Ig CFU/g and 0.35 Ig CFU/g, respectively, compared to the control sample
(Table 5).
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Table 5 Number of lactic-acid microorganisms in “Vienna sausages with chicken fillet” if treated with starter
cultures of lactic-acid microorganisms and stored in vacuum packaging in a chilled state, x = SD, n =5, 1g CFU/g.

Variant
i . Experimental No. 2
Study perlod Control Eygperlmental No. 1 SafePropBLC-48 + Bactoferm
afePro BLC-48 .
Rubis

1 day 1.75+0.13 1.88 +0.33 2.05 +0.29*

12" day 1.80 £0.16 2.01 £0.25 2.15 £0.22*

18" day 2.03 £0.27 2.13+0.41 2.37 £0.68
25 day - 2.56 £0.33 3.19 £0.33**
30" day - 2.73 £0.45 3.26 £0.31**

Note: * — p<0.05 compared to the control sample, ** — p<0.05 compared to experimental variant No. 1

On the 18th day of sausage storage, the total number of lactic acid microorganisms did not differ significantly
between the control sample and both variants of their treatment with the starter cultures.

The further storage of “Vienna sausages with chicken fillet” in a refrigerator for 25th and 30th days contributed
to an increase in the number of the lactic-acid microorganisms if treated with the mixture of starter cultures
SafePro BLC-48 + Bactoferm Rubis by 0.63 Ig CFU/g and 0.53 Ig CFU/g, respectively, compared to the treatment
with starter culture SafePro BLC-48. At the same time, the number of lactic acid microorganisms was increased
in the sausages under both treatment variants during the entire shelf life (Table 5).

The sausages' spoilage signs, such as the appearance of cloudy juice, surface slime, and delamination of
vacuum packaging, were observed on the 36th day of storage both when treated with starter culture SafePro BLC-
48 and the mixture of starter cultures SafePro BLC-48 + Bactoferm Rubis (Fig. 3 a, b) compared to their
organoleptic indicators on the 1st day of storage (Figure 2 a, b, c).

o

Control sample

Experimental variant

. . No. 2
Experimental variant

“Vienna sausages No. 1

with chicken
fillet”

“Vienna sausages
with chicken fillet”

“Vienna sausages with
chicken fillet”

Figure 2. Sausages with a shelf life of one day: a - control sample, b - experimental variant No. 1 (treatment with
starter culture SafePro BLC-48), ¢ - experimental variant No. 2 (treatment with a mixture of starter cultures

SafePro BLC-48 + Bactoferm Rubis)
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“Vienna sausages

with chicken fillet”

“Vienna
sausages with
chicken fillet”

a b

Figure 3 Sausages with shelf life of 36 days.
Note: a - experimental variant No. 1 if treated with starter culture SafePro BLC-48, b - experimental variant No.
2 if treated with mixture of starter cultures SafePro BLC-48 + Bactoferm Rubis

The lactic acid bacteria are the main microbial population found in various cooked sausages when stored in
vacuum packaging. Various strains of Lactobacillus sake and Lactobacillus curvatus are also known to be
common spoilage causes of cooked sausages. The growth of the lactic acid bacteria on the surface of the cooked
sausages creates undesirable sensory properties such as a sour aroma and taste. Generally, during the cooking of
the sausage products, high temperatures destroy the lactic acid bacteria on their surface. However, secondary
contamination of the sausages with the lactic acid bacteria occurs during their cooling, prepackaging, and packing
due to contact with contaminated air and technological equipment and workers [49]. In our experiment, the
increase in the total number of the lactic-acid microorganisms in the sausages of experimental variant No. 1,
which we observed throughout the entire shelf life, was probably due to the starter culture of strain SafePro BLC-
48 (Lactobacillus curvatus), and in the sausages of experimental variant No. - due to the mixture of starter cultures
SafePro BLC-48 (Lactobacillus curvatus) and Bactoferm Rubis (Lactococcus lactis subsp. Lactis), which
contributed to an increase in their shelf life, unlike the sausages of the control sample.

According to the obtained data [50], the mechanism of biopreservation, prevention of pathogen growth and
reduction of microbial spoilage of the cooked meat products is based on the ability of the lactic-acid
microorganisms and/or their metabolic products, in particular bacteriocins, to neutralise pathogenic and
opportunistic pathogenic bacteria. This study shows that the use of sacacin G, isolated from Lactobacillus
curvatus ACU-1, for Listeria and spoilage flora to be neutralised was effective when applied to the casing both
before and after stuffing of “Vienna sausages with chicken fillet”. At the same time, applying the antimicrobial
agent to the finished sausages inhibited the lactic acid bacteria that can spoil the meat products and the mesophilic
microorganisms from the zero sampling time.

During the entire shelf life, no pathogenic and opportunistic pathogenic bacteria, including S. aureus, L.
monocytogenes, Salmonella spp., E. coli, bacteria of the E. coli group, as well as yeast and mould, were detected
in the sausages of both the control sample and if treated with starter culture SafePro BLC-48 or the mixture of
starter cultures SafePro BLC-48 + Bactoferm Rubis (Table 6). The results of the studies are consistent with the
data [51], which proves the complete elimination of L. monocytogenes in the sausage due to the use of the
bacteria's lactic acid starter cultures. The increase in the shelf life of the sausages under both treatments in our
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experiment is due to the ability of L. curvatus to inhibit the growth of the bacteria, in particular,
Enterobacteriaceae, Pseudomonas fragi and Brochothrix thermosphacta, which cause the spoilage of the meat
products during their storage [52], [53].

Table 6 Number of pathogenic and opportunistic pathogenic microorganisms in “Vienna sausages with chicken
fillet” if treated with starter cultures of lactic-acid microorganisms and stored in vacuum packaging in a chilled
state, x £SD, n =5, lg CFU/g.

Variant
Indicator . Experimental No. 2
Control E)Sq;::ll:::l;;zlclﬁfé 1 SafePro BLC-48 + Bactoferm
Rubis
1st, 18" day 1%, 18™, 25" and 30™ day
S. aureus not detected not detected not detected

L. monocytogenes
Salmonella spp.
bacteria of the E.

group
E. coli

Yeast, mould

not detected
not detected

not detected

not detected
not detected

not detected
not detected

not detected

not detected
not detected

not detected
not detected

not detected

not detected
not detected

The obtained data show that the combination of starter culture Bactoferm Rubis with SafePro BLC-48 is
ineffective for storing vacuum-packaged sausages, as it does not increase their shelf life. The use of starter culture
Bactoferm Rubis as an aerobic microorganism, which was based on the absorption of residual oxygen, was
probably not effective in this case, as the vacuum packaging of the sausages could provide a sufficient degree of
oxygen removal, and the main pathogens that caused the sausage spoilage were enterobacteria, which belong to
facultative anaerobes. The main effect on increasing the shelf life of the sausages was provided by starter culture
SafePro BLC-48 (L. curvatus), which is also a facultative anaerobe, which in vacuum packaging could ensure its
growth and reproduction in a refrigerator. This is confirmed by the data provided by several scientists [27], which
show the ability of different strains of L. curvatus to synthesize the bacteriocins, in particular curvacin A, saccacin
G, saccacin P and saccacin X, curvacin 13, lactocin AL705 and curvacin 422, which tolerate a wide range of pH
medium and temperature conditions, have antibacterial effects against a wide range of pathogenic bacteria and
bacteria that cause the spoilage of the meat products such as Bacillus cereus, L. monocytogenes, S. aureus and
Enterococcus faecium.

The idea of using oxygen absorbers for the extension of the shelf life of food products, particularly meat
products, is currently realised mainly through the use of films, sachets, powders or components of packaging
material in combination with chemicals such as metals and metal oxides, organic acids, antimicrobial peptides
and bacteriocins, antimicrobial agents of plant origin, enzymes, lactoferrin, chitosan and bacteriophages,
reduction of water activity, pH, use of multilayer composites and/or vacuum or modified atmosphere. The current
demand increases their addition directly to the packaging material [54] rather than to the food product composition
[55], [56]. Among these preservatives, bacteriocins of lactic acid bacteria or their cultures are most often used
[57], [58]. It was proved that spraying the solution of bacteriocin L. curvatus on the polyethene films provided a
stable antibacterial activity, and heat treatment at 70 °C did not affect the antibacterial activity of such films.
Compared to the nisin-treated film, the lactocin-treated active polyethylene film inhibited Listeria more
effectively, and this did not affect the functional properties of the film. At the same time, it was found that
temperature and exposure time have a certain effect on the adsorption of the bacteriocin by the polyethylene film,
provided that 60 minutes and 30°C are considered optimal conditions for the adsorption [27].

In our experiment, the suspension spray of the starter lactic-acid cultures was applied to the polyamide casing
of the sausages, which is in contact with the minced sausage on one side and the vacuum packaging on the other
side, creating an additional barrier to the penetration of the microorganisms that cause the sausage spoilage.
QMAFANM on the sausage casing surface increased during the entire shelf life if treated with the suspension of
starter culture SafePro BLC-48 or the mixture of starter cultures SafePro BLC-48 + Bactoferm Rubis. Under the
given conditions, the treatment of the sausages with the mixture of starter cultures contributed to an increase in
QMAFANM on their surface on the 18th and 30th days of storage by 0.8 Ig CFU/cm2 and 1.24 Ig CFU/cm?,
respectively, compared to the treatment with the suspension of starter culture SafePro BLC-48 (Table 7).
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Table 7 QMAFAnM in casing Mini Ralen of “Vienna sausages with chicken fillet” if treated with starter cultures
of lactic-acid microorganisms and stored in vacuum packaging in a chilled state.

Variant
Study period Experimental No. 1 Experimental No.2
SafePro BLC-48 SafePro BLC-48 + Bactoferm Rubis
1% day 6.78 £1.32 7.35+1.21
18™ day 7.12 £0.59 7.92 +£0.84**
30" day 7.73 £0.47 8.97 £1.03**

Note: x +£SD, n =5, Ig CFU/cm?, ** — p<0.05 compared to experimental variant No. 1

This makes it possible to suggest that the main species of the bacteria that colonised the polyamide casing of
the sausages if treated with the spray of the starter cultures were the lactic-acid microorganisms, in experimental
variant No. 1 - Lactobacillus curvatus, and in experimental variant No. 2 - a mixture of Lactobacillus curvatus
and Lactococcus lactis subsp. Lactis.

Thus, the obtained study results show that the use of starter culture SafePro BLC-48
(Lactobacillus curvatus) or the mixture of starter cultures SafePro BLC-48 (Lactobacillus curvatus) + Bactoferm
Rubis (Lactococcus lactis subsp. Lactis) for the sausage treatment makes it possible to increase the shelf life of
the vacuum-packaged sausages in a chilled state by 12 days due to a complex and multicomponent inhibition
mechanism of the spoilage microorganisms. The use of the mixture of starter cultures SafePro BLC-48
(Lactobacillus curvatus) + Bactoferm Rubis (Lactococcus lactis subsp. Lactis) for the sausage treatment may be
promising if the development of the aerobic spoilage bacteria is confirmed. Along with this, the researchers
emphasise the need to introduce effective protocols for producing meat products, which makes it possible to
ensure the traceability of the production chain [59].

In the future, it is necessary to determine the use effectiveness of the starter cultures of the lactic-acid bacteria
in the association of different families and species of anaerobic or facultative anaerobic spoilage microorganisms
of the sausages, which are produced following different recipes.

CONCLUSION

The main spoilage microorganisms of the vacuum-packed sausages on the 1st day of storage in a chilled state
are the bacteria of the family Enterobacteriaceae (Raoultella planticola, R. ornithinolytica, Citrobacter freundii),
Morganellaceae (Morganella morganii), and Staphylococcaceae (Macrococcus caseolyticus), and at the end of
the shelf life for 21th day - the bacteria of the family Enterobacteriaceae (Proteus mirabilis, Moellerella
wisconsensis, Serratia liquefaciens). The sausage spoilage is characterised by the appearance of cloudy juice,
surface slime and delamination of vacuum packaging.

The treatment of “Vienna sausages with chicken fillet” with the starter culture of lactic-acid microorganisms
SafePro BLC-48 (Lactobacillus curvatus) or the mixture of SafePro BLC-48 (Lactobacillus curvatus) +
Bactoferm Rubis (Lactococcus lactis subsp. Lactis) before vacuum packaging contributed to an increase in
QMAFANM in the first-grade sausages on the 1st day of storage by 1.09 Ig CFU/g and 1.53 Ig CFU/g, on the 12th
day - by 1.18 Ig CFU/g and 1.54 Ig CFU/g, on the 18th day - by 0.92 Ig CFU/g and 1.96 Ig CFU/g, respectively,
compared to the control sample. In “Vienna sausages with chicken fillet’”, QMAFAnM was higher by 1.37 Ig
CFU/g on the 25th day of storage if treated with the mixture of starter cultures SafePro BLC-48 + Bactoferm
Rubis, and by 0.51 Ig CFU/g on the 30th day compared to the treatment with starter culture SafePro BLC-48.

The number of the lactic-acid microorganisms in “Vienna sausages with chicken fillet” on the 1st and 12th
days of storage if treated with starter culture SafePro BLC-48 did not differ from the control sample, while treated
with the mixture of starter cultures SafePro BLC-48 + Bactoferm Rubis increased the number of the lactic-acid
microorganisms by 0.3 Ig CFU/g and 0.35 Ig CFU/g, respectively, compared to the control sample. Further storage
of “Vienna sausages with chicken fillet” in a refrigerator for the 18th day did not affect, and on the 25th and 30th
days it contributed to an increase in the number of the lactic-acid microorganisms if treated with the mixture of
starter cultures SafePro BLC-48 + Bactoferm Rubis by 0.63 Ig CFU/g and 0.53 Ig CFU/g, respectively, compared
to the treatment with starter culture SafePro BLC-48.

No pathogenic and opportunistic pathogenic bacteria, particularly S. aureus, L. monocytogenes, Salmonella
spp., E. coli, bacteria of the E. coli group, yeast, and mould, were detected during the sausages' entire shelf life in
both the control sample and if treated with starter culture SafePro BLC-48 or the mixture of starter culture SafePro
BLC-48 + Bactoferm Rubis.

Thus, the obtained study results show that the use of starter culture SafePro BLC-48 (Lactobacillus curvatus)
provides the extension of the shelf life of the vacuum-packaged sausages in a chilled state by 12 days due to the
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inhibition of their spoilage microorganisms. The use of the mixture of starter cultures SafePro BLC-48
(Lactobacillus curvatus) + Bactoferm Rubis (Lactococcus lactis subsp. Lactis) for the sausage treatment does not
make it possible to improve the result obtained when using SafePro BLC-48 (Lactobacillus curvatus). The use of
the starter culture mixture of the lactic-acid microorganisms for the sausage treatment, while stored in vacuum
packaging, may be promising if the development of the aerobic spoilage bacteria is confirmed.

REFERENCES

1.

10.

11.

12.

13.

Bayer, O. V. Bondarets, O. V. Mykhalska V. M., Shevchenko, L. V., Stupak, O. M. Fesenko, J. V. Dovgopol,
Y. V., Liniichuk, N. V., Kovalenko, V. L., Galka, I. V., Kryvenok, M. J., & Poliakovskyi, V. M. (2021).
Evaluation of QUEChERS sample preparation for determination of benzimidazoles residues in meat by
UPLC-MS/MS. In Methods and Objects of Chemical Analysis (Vol. 16, Issues 1, pp. 32-40). Taras
Shevchenko National University. https://doi.org/10.17721/moca.2021.32-40

Bhattacharya, D., Nanda, P. K., Pateiro, M., Lorenzo, J. M., Dhar, P., & Das, A. K. (2022). Lactic acid
bacteria and bacteriocins: novel biotechnological approach for biopreservation of meat and meat products.
In Microorganisms (Vol. 10, Issue 10, p. 2058). MDPI AG.
https://doi.org/10.3390/microorganisms10102058

Shanina, O., Minchenko, S., Gavrysh, T., Sukhenko, Y., Sukhenko, V., Vasyliv, V., Miedviedieva, N.,
Mushtruk, M., Stechyshyn, M., & Rozbytska, T. (2020). Substantiation of basic stages of gluten-free steamed
bread production and its influence on quality of finished product. In Potravinarstvo Slovak Journal of Food
Sciences (Vol. 14, pp. 189-201). HACCP Consulting. https://doi.org/10.5219/1200

Austrich-Comas, A., Jofré, A., Gou, P., & Bover-Cid, S. (2023). Assessing the impact of different
technological strategies on the fate of Salmonella in chicken dry-fermented sausages by means of challenge
testing and predictive models. In Microorganisms (Vol. 11, lIssues 2, p. 432). MDPI AG.
https://doi.org/10.3390/microorganisms11020432

Pellegrini, M., Barbieri, F., Montanari, C., lacumin, L., Bernardi, C., Gardini, F., & Comi, G. (2023).
Microbial spoilage of traditional goose sausages produced in a northern region of Italy. In Microorganisms
(Vol. 11, Issues 8, p. 1942). MDPI AG. https://doi.org/10.3390/microorganisms11081942

Julizan, N., Ishmayana, S., Zainuddin, A., Van Hung, P., & Kurnia, D. (2023). Potential of Syzygnium
polyanthum as natural food preservative: a review. In Foods (Vol. 12, Issue 12, p. 2275). MDPI AG.
https://doi.org/10.3390/foods12122275

Shevchenko, L. V., Dobrozhan, Y. V., Mykhalska, V. M., Osipova, T. Y., & Solomon, V. V. (2019).
Contamination of hen manure with nine antibiotics in poultry farms in Ukraine. In Regulatory Mechanisms
in Biosystems (Vol. 10, Issue 4, pp. 532-537). Oles Honchar Dnipro National University.
https://doi.org/10.15421/021978

Beya, M. M., Netzel, M. E., Sultanbawa, Y., Smyth, H., & Hoffman, L. C. (2021). Plant-based phenolic
molecules as natural preservatives in comminuted meats: a review. In Antioxidants (Basel, Switzerland)
(Vol. 10, Issue 2, p. 263). MDPI AG. https://doi.org/10.3390/antiox10020263

Vovkotrub, V., lakubchak, O., Horalskyi, L., Vovkotrub, N., Shevchenko, L., Shynkaruk, N., Rozbytska, T.,
Slyva, Y., Tupitska, O., & Shtonda, O. (2023). The microscopic structure of pork neck after cooling with
showering stiving and processing by culture Lactobacillus sakei. (Vol. 17, pp. 759-776). Potravinarstvo
Slovak Journal of Food Sciences. HACCP Consulting https://doi.org/10.5219/1905

Bodie, A. R., O'Bryan, C. A,, Olson, E. G., & Ricke, S. C. (2023). Natural antimicrobials for Listeria
monocytogenes in ready-to-eat meats: current challenges and future prospects. In Microorganisms (Vol. 11,
Issue 5, p. 1301). MDPI AG. https://doi.org/10.3390/microorganisms11051301

Mihaylova-Garnizova, R., Davidova, S., Hodzhev, Y., & Satchanska, G. (2024). Antimicrobial peptides
derived from bacteria: classification, sources, and mechanism of action against multidrug-resistant bacteria.
In International Journal of Molecular Sciences (Vol. 25, Issue 19, p. 10788). MDPI AG.
https://doi.org/10.3390/ijms251910788

Smaoui, S., Echegaray, N., Kumar, M., Chaari, M., D'Amore, T., Shariati, M. A., Rebezov, M., & Lorenzo,
J. M. (2024). Beyond conventional meat preservation: saddling the control of bacteriocin and lactic acid
bacteria for clean label and functional meat products. In Applied Biochemistry and Biotechnology (Vol. 196,
Issue 6, pp. 3604-3635). Springer Science and Business Media LLC. https://doi.org/10.1007/s12010-023-
04680-x

Dias, I., Laranjo, M., Potes, M. E., Agulheiro-Santos, A. C., Ricardo-Rodrigues, S., Fraqueza, M. J., Oliveira,
M., & Elias, M. (2022). Staphylococcus spp. and Lactobacillus sakei starters with high level of inoculation
and an extended fermentation step improve safety of fermented sausages. In Fermentation (\Vol. 8, Issue 2,
p. 49). MDPI AG. https://doi.org/10.3390/fermentation8020049

Volume 18 946 2024


https://doi.org/10.17721/moca.2021.32-40
https://doi.org/10.3390/microorganisms10102058
https://doi.org/10.5219/1200
https://doi.org/10.3390/microorganisms11020432
https://doi.org/10.3390/foods12122275
https://doi.org/10.15421/021978
https://doi.org/10.3390/antiox10020263
https://doi.org/10.5219/1905
https://doi.org/10.3390/microorganisms11051301
https://doi.org/10.3390/ijms251910788
https://doi.org/10.1007/s12010-023-04680-x
https://doi.org/10.1007/s12010-023-04680-x
https://doi.org/10.3390/fermentation8020049

Potravinarstvo Slovak Journal of Food Sciences

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Dias, 1., Laranjo, M., Potes, M. E., Agulheiro-Santos, A. C., Ricardo-Rodrigues, S., Fialho, A. R., Véstia, J.,
Fraqueza, M. J., Oliveira, M., & Elias, M. (2021). Co-inoculation with Staphylococcus equorum and
Lactobacillus sakei reduces vasoactive biogenic amines in traditional dry-cured sausages. In International
Journal of Environmental Research and Public Health (Vol. 18, Issue 13, p. 7100). MDPI AG.
https://doi.org/10.3390/ijerph18137100

Segli, F., Melian, C., Mufoz, V., Vignolo, G., & Castellano, P. (2021). Bioprotective extracts from
Lactobacillus acidophilus CRL641 and Latilactobacillus curvatus CRL705 inhibit a spoilage
exopolysaccharide producer in a refrigerated meat system. In Food Microbiology (Vol. 97, p. 103739).
Elsevier BV. https://doi.org/10.1016/j.fm.2021.103739

Castilho, N. P. A., Colombo, M., Oliveira, L. L., Todorov, S. D., & Nero, L. A. (2019). Lactobacillus
curvatus UFV-NPACL and other lactic acid bacteria isolated from Calabresa, a fermented meat product,
present high bacteriocinogenic activity against Listeria monocytogenes. BMC Microbiology (Vol. 19, Issue
1, p. 63). Scimago Journal & Country Rank. https://doi.org/10.1186/s12866-019-1436-4

Gumienna, M., & Gorna, B. (2021). Antimicrobial food packaging with biodegradable polymers and
bacteriocins. In Molecules (Basel, Switzerland). (Vol. 26, Issue 12, p. 3735). MDPI AG.
https://doi.org/10.3390/molecules26123735

Hernandez-Aquino, S., Miranda-Romero, L. A., Fujikawa, H., Maldonado-Siman, E. J., & Alarcén-Zudiga,
B. (2019). Antibacterial activity of lactic acid bacteria to improve shelf life of raw meat. In Biocontrol
Science (Vol. 24, Issue 4, pp. 185-192). Informa UK Limited. https://doi.org/10.4265/bi0.24.185

Sun, F., Kong, B., Chen, Q., Han, Q., & Diao, X. (2017). N-nitrosoamine inhibition and quality preservation
of Harbin dry sausages by inoculated with Lactobacillus pentosus, Lactobacillus curvatus and Lactobacillus
sakei. In Food Control (Vol. 73. pp. 1514-1521). Elsevier BV.
https://doi.org/10.1016/j.foodcont.2016.11.018

Darbandi, A., Asadi, A., Mahdizade Ari, M., Ohadi, E., Talebi, M., Halaj Zadeh, M., Darb Emamie, A.,
Ghanavati, R., & Kakanj, M. (2022). Bacteriocins: Properties and potential use as antimicrobials. In Journal
of Clinical Laboratory Analysis (Vol. 36, Issue 1, p. €24093). Wiley. https://doi.org/10.1002/jcla.24093
Pang, X., Song, X., Chen, M., Tian, S., Lu, Z., Sun, J., Li, X, Lu, Y., & Yuk, H. G. (2022). Combating
biofilms of foodborne pathogens with bacteriocins by lactic acid bacteria in the food industry. In
Comprehensive Reviews in Food Science and Food Safety (Vol. 21, Issue 2, pp. 1657-1676). Wiley.
https://doi.org/10.1111/1541-4337.12922

Mushtruk, M., Bal-Prylypko, L., Slobodyanyuk, N., Boyko, Y., & Nikolaienko, M. (2022). Design of
Reactors with Mechanical Mixers in Biodiesel Production. In Lecture Notes in Mechanical Engineering (pp.
197-207). Springer International Publishing. https://doi.org/10.1007/978-3-031-06044-1 19

Czerwinski, K., Rydzkowski, T., Wroblewska-Krepsztul, J., & Thakur, V. K. (2021). Towards impact of
modified atmosphere packaging (MAP) on shelf-life of polymer-film-packed food products: challenges and
sustainable developments. In Coatings (Vol. 11, p. 1504). MDPI AG.
https://doi.org/10.3390/coatings11121504

Kawecki, K., Stangierski, J., & Cegielska-Radziejewska, R. (2021). The influence of packing methods and
storage time of poultry sausages with liquid and microencapsulated fish oil additives on their
physicochemical, microbial and sensory properties. In Sensors (Basel, Switzerland) (Vol. 21, Issue 8, p.
2653). MDPI AG. https://doi.org/10.3390/s21082653

Gupta, P. (2023). Role of oxygen absorbers in food as packaging material, their characterization and
applications. In Journal of Food Science and Technology (Vol. 61, Issue 2, pp. 1-11). Springer Science and
Business Media LLC https://doi.org/10.1007/s13197-023-05681-8

Bayer, O. V., Kaminska, O. V., Shevchenko, L. V., Mykhalska, V. M., Stupak, O. M., Bondarets, O. V., &
Dobrozhan, Y. V. (2019). Development and evaluation of the suitability of the method for determining the
content of egg coccidiostatics using ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). In Methods and Objects of Chemical Analysis (Vol. 14, Issue 1, pp. 43-51). Taras
Shevchenko National University. https://doi.org/10.17721/moca.2019.43-51

Chen, Y., Yu, L., Qiao, N., Xiao, Y., Tian, F., Zhao, J., Zhang, H., Chen, W., & Zhai, Q. (2020).
Latilactobacillus curvatus: a candidate probiotic with excellent fermentation properties and health benefits.
Foods (Basel, Switzerland) (Vol. 9, Issue 10, p. 1366). MDPI AG. https://doi.org/10.3390/fo0ds9101366
Rogoskii, 1., Mushtruk, M., Titova, L., Snezhko, O., Rogach, S., Blesnyuk, O., Rosamaha, Y., Zubok, T.,
Yeremenko, O., & Nadtochiy, O. (2020). Engineering management of starter cultures in study of temperature
of fermentation of sour-milk drink with apiproducts. In Potravinarstvo Slovak Journal of Food Sciences (Vol.
14, pp. 1047-1054). HACCP Consulting. https://doi.org/10.5219/1437

Volume 18 947 2024


https://doi.org/10.3390/ijerph18137100
https://doi.org/10.1016/j.fm.2021.103739
https://doi.org/10.1186/s12866-019-1436-4
https://doi.org/10.3390/molecules26123735
https://doi.org/10.4265/bio.24.185
https://doi.org/10.1016/j.foodcont.2016.11.018
https://doi.org/10.1002/jcla.24093
https://doi.org/10.1111/1541-4337.12922
https://doi.org/10.1007/978-3-031-06044-1_19
https://doi.org/10.3390/coatings11121504
https://doi.org/10.3390/s21082653
https://doi.org/10.1007/s13197-023-05681-8
https://doi.org/10.17721/moca.2019.43-51
https://doi.org/10.3390/foods9101366
https://doi.org/10.5219/1437

Potravinarstvo Slovak Journal of Food Sciences

29.

30.
31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

EFSA Panel on Biological Hazards Scientific Opinion on the maintenance of the list of QPS biological agents
intentionally added to food and feed (2013 update). In EFSA Journal (2013) (Vol. 11, p. 3449). Wiley.
https://doi.org/10.2903/j.efsa.2013.3449

TU U 15.1-00419880-049-2003 Boiled sausage products. From 6.11.2003.

DSTU 4823.2:2007 Meat products. Meat products. Organoleptic assessment of quality indicators. Part 2.
Regulation (EC) No 178/2002 of the European Parliament and of the Council of 28 January 2002 laying
down the general principles and requirements of food law, establishing the European Food Safety Authority
and laying down procedures in matters of food safety. Retrieved from https://eur-lex.europa.eu/legal-
content/EN/ALL/?uri=celex%3A32002R0178

Cheng, H., Xu, H., Julian McClements, D., Chen, L., Jiao, A., Tian, Y., Miao, M., & Jin, Z. (2022). Recent
advances in intelligent food packaging materials: Principles, preparation and applications. In Food Chemistry
(Vol. 375, p. 131738). Elsevier BV. https://doi.org/10.1016/j.foodchem.2021.131738

Vasile, C., & Baican, M. (2021). Progresses in food packaging, food quality, and safety-controlled-release
antioxidant and/or antimicrobial packaging. In Molecules (Basel, Switzerland) (Vol. 26, Issue 5, p. 1263).
MDPI AG. https://doi.org/10.3390/molecules26051263

Zhang, Y., Min, S., Sun, Y., Ye, J., Zhou, Z., & Li, H. (2022). Characteristics of population structure,
antimicrobial resistance, virulence factors, and morphology of methicillin-resistant Macrococcus
caseolyticus in global clades. In BMC Microbiology (Vol. 22, Issue 1, p. 266). Scimago Journal & Country
Rank. https://doi.org/10.1186/512866-022-02679-8

Keller, J. E., Schwendener, S., Neuenschwander, J., Overesch, G., & Perreten, V. (2022). Prevalence and
characterization of -methicillin-resistant Macrococcus spp. in food producing animals and meat in
Switzerland in 2019. In Schweizer Archiv fur Tierheilkunde (Vol. 164, Issue 2, pp. 153—-164). Gesellschaft
Schweizer Tierdrztinnen und Tierdrzte GST. https://doi.org/10.17236/5at00343

Ramos, G. L. P. A, Vigoder, H. C., & Nascimento, J. S. (2021). Technological applications of Macrococcus
caseolyticus and its impact on food safety. In Current Microbiology (Vol. 78, Issue 1). Springer Science and
Business Media LLC. 11-16. https://doi.org/10.1007/s00284-020-02281-z

Uwamahoro, H.P., Li, F., Timilsina, A., Liu, B., Wang, X., & Tian, Y. (2022). An assessment of the lactic
acid-producing potential of bacterial strains isolated from food waste. In Microbiological Research (Vol. 13,
pp. 278-291). MDPI AG. https://doi.org/10.3390/microbiolres13020022

Mazhar, S., Kilcawley, K. N., Hill, C., & McAuliffe, O. (2020). A Systems-Wide Analysis of Proteolytic
and Lipolytic Pathways Uncovers The Flavor-Forming Potential of The Gram-Positive Bacterium
Macrococcus caseolyticus subsp. caseolyticus. In Frontiers in Microbiology (Vol. 11). Frontiers Media SA.
https://doi.org/10.3389/fmich.2020.01533

Villacis, J. E., Castelan-Sanchez, H. G., Rojas-Vargas, J., Rodriguez-Cruz, U. E., Alban, V., Reyes, J. A.,
Meza-Rodriguez, P. M., Davila-Ramos, S., Villavicencio, F., Galarza, M., & Gestal, M. C. (2023).
Emergence of Raoultella ornithinolytica in human infections from different hospitals in Ecuador with OXA-
48-producing resistance. In Frontiers in  Microbiology (Vol. 14). Frontiers Media SA.
https://doi.org/10.3389/fmicb.2023.1216008

Perez, P. R. (2021). Infecciones urinarias por el género Raoultella. Revision de la literatura y aportacion de
1 caso por Raoultella ornithinolytica [Tract infections by the genus Raoultella. Literature review and
contribution of 1 case of Raoultella ornithinolytica]. In Archivos Espanoles de Urologia (Vol. 74, Issue 3,
pp. 276-286). Dialnet Foundation.

El-Shannat, S. M., El-Tawab, A. A. A., & Hassan, W. M. M. (2020). Emergence of Raoultella ornithinolytica
isolated from chicken products in Alexandria, Egypt. In Veterinary World (Vol. 13, Issue 7, pp. 1473-1479).
Scimago Journal & Country Rank. https://doi.org/10.14202/vetworld.2020.1473-1479

Tang, Y., Yuan, L., Chen, C., Tang, A., Zhou, W., & Yang, Z. (2023). Isolation and characterization of the
new isolated bacteriophage YZU-L1 against Citrobacter freundii from a package-swelling of meat product.
In Microbial Pathogenesis (Vol. 179, p. 106098). Elsevier BV.
https://doi.org/10.1016/j.micpath.2023.106098

Yu, H., Huang, Y., Lu, L., Liu, Y., Tang, Z., & Lu, S. (2021). Impact of thyme microcapsules on histamine
production by Proteus bacillus in Xinjiang smoked horsemeat sausage. In Foods (Vol. 121, Issue 10, p.
2491). MDPI AG. https://doi.org/10.3390/foods10102491

Ryser, L. T., Arias-Roth, E., Perreten, V., Irmler, S., & Bruggmann, R. (2021). Genetic and phenotypic
diversity of Morganella morganii isolated from cheese. In Frontiers in Microbiology (Vol. 12, p. 738492).
Frontiers Media SA. https://doi.org/10.3389/fmicb.2021.738492

Wang, Y., Pei, H., Liu, Y., Huang, X., Deng, L., Lan, Q., Chen, S., He, L., Liu, A., Ao, X,, Liu, S., Zou, L.,
& Yang, Y. (2021). Inhibitory mechanism of cell-free supernatants of Lactobacillus plantarum on Proteus

Volume 18 948 2024


https://doi.org/10.2903/j.efsa.2013.3449
https://doi.org/10.1016/j.foodchem.2021.131738
https://doi.org/10.3390/molecules26051263
https://doi.org/10.1186/s12866-022-02679-8
https://doi.org/10.17236/sat00343
https://doi.org/10.1007/s00284-020-02281-z
https://doi.org/10.3390/microbiolres13020022
https://doi.org/10.3389/fmicb.2020.01533
https://doi.org/10.3389/fmicb.2023.1216008
https://doi.org/10.14202/vetworld.2020.1473-1479
https://doi.org/10.1016/j.micpath.2023.106098
https://doi.org/10.3390/foods10102491
https://doi.org/10.3389/fmicb.2021.738492

Potravinarstvo Slovak Journal of Food Sciences

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

mirabilis and influence of the expression of histamine synthesis-related genes. In Food Control (Vol. 125, p.
107982). Elsevier BV. https://doi.org/10.1016/j.foodcont.2021.107982

Spampinato, G., Candeliere, F., Amaretti, A., Licciardello, F., Rossi, M., & Raimondi, S. (2022). Microbiota
survey of sliced cooked ham during the secondary shelf life. In Frontiers In Microbiology (Vol. 13, p.
842390). Frontiers Media SA. https://doi.org/10.3389/fmicb.2022.842390

Papatsiros, V. G., Athanasiou, L. V., Spanou, V. M., Stylianaki, I., Papakonstantinou, G., Letsios, M.,
Villioti, C. S., Tsekouras, N., Maragkakis, G., Papaioannou, N., & Christodoulopoulos, G. (2020). First case
of Serratia liquefaciens isolated from urinary tract infection in sows and associated clinicopathological and
pathological findings. In Letters in Applied Microbiology (Vol. 70, Issue 4, pp. 259-262). Wiley.
https://doi.org/10.1111/lam.13267

Comi, G., Muzzin, A., Corazzin, M., & lacumin, L. (2020). Lactic Acid Bacteria: Variability Due to Different
Pork Breeds, Breeding Systems and Fermented Sausage Production Technology. In Foods (Vol. 9, Issue 3,
p. 338). MDPI AG. https://doi.org/10.3390/foods9030338

Rivas, F. P., & Garro, O. A. (2023). Functionality of the bacteriocin sakacin G produced by Lactobacillus
curvatus ACU-1 on cooked sausages under industrial conditions. In Letters in Applied Microbiology (Vol.
76, Issue 2, p. ovad015). Oxford University Press (OUP) https://doi.org/10.1093/lambio/ovad015

Tonz, A., Freimuller Leischtfeld, S., Stevens, M. J. A., Glinski-Hifeli, D., Ladner, V., Gantenbein-Demarchi,
C., & Miescher Schwenninger, S. (2024). Growth control of Listeria monocytogenes in raw sausage via
bacteriocin-producing Leuconostoc carnosum DH25. In Foods (Basel, Switzerland) (Vol. 13, Issue 2, p. 398).
MDPI AG. https://doi.org/10.3390/foods13020298

Lucumi-Banguero, R. S., Ramirez-Toro, C., & Bolivar, G. A. (2021). Potential use of lactic acid bacteria
with pathogen inhibitory capacity as a biopreservative agent for Chorizo. In Processes (Vol. 9, Issue 9, p.
1582). MDPI AG. https://doi.org/10.3390/pr9091582

Campaniello, D., Speranza, B., Bevilacqua, A., Altieri, C., Rosaria Corbo, M., & Sinigaglia, M. (2020).
Industrial Validation of a Promising Functional Strain of Lactobacillus plantarum to Improve the Quality of
Italian  Sausages. In  Microorganisms (Vol. 8, Issue 1, p. 116). MDPI AG.
https://doi.org/10.3390/microorganisms8010116

Duda-Chodak, A., Tarko, T., & Petka-Poniatowska, K. (2023). Antimicrobial compounds in food packaging.
In International Journal of Molecular Sciences (Vol. 24, Issue 3, p. 2457). MDPI AG.
https://doi.org/10.3390/ijms24032457

Liu, Y., Gao, S., Cui, Y., Wang, L., Duan, J., Yang, X., Liu, X., Zhang, S., Sun, B, Yu, H., & Gao, X. (2024).
Characteristics of Lactic Acid Bacteria as Potential Probiotic Starters and Their Effects on the Quality of
Fermented Sausages. In Foods (Vol. 13, Issue 2, p. 198). MDPI AG. https://doi.org/10.3390/fo0ods13020198
Carrion, M. G., Corripio, M. A. R., Contreras, J. V. H., Marrén, M. R., Olan, G. M., & Cazares, A. S. H.
(2023). Optimization and characterization of taro starch, nisin, and sodium alginate-based biodegradable
films: antimicrobial effect in chicken meat. In Poultry Science (Vol. 102, Issue 12, p. 103100). Elsevier BV.
https://doi.org/10.1016/j.ppsj.2023.103100

Meloni, M. P., Piras, F., Siddi, G., Cabras, D., Comassi, E., Lai, R., McAuliffe, O., De Santis, E. P. L., &
Scarano, C. (2023). Comparison of Activity of Commercial Protective Cultures and Thermophilic Lactic
Acid Bacteria against Listeria monocytogenes: A New Perspective to Improve the Safety of Sardinian PDO
Cheeses. In Foods (Vol. 12, Issue 6, p. 1182). MDPI AG. https://doi.org/10.3390/foods12061182
Nikodinoska, 1., Tabanelli, G., Baffoni, L., Gardini, F., Gaggia, F., Barbieri, F., & Di Gioia, D. (2023).
Characterization of Lactic Acid Bacteria Isolated from Spontaneously Fermented Sausages: Bioprotective,
Technological and Functional Properties. In Foods (Vol. 12, lIssue 4, p. 727). MDPI AG.
https://doi.org/10.3390/foods12040727

Lemos Junior, W. J. F., Marques Costa, L., Alberto Guerra, C., Sales de Oliveira, V., Gava Barreto, A., Alves
de Oliveira, F., Paula, B. P. de, Esmerino, E. A., Corich, V., Giacomini, A., & Guerra, A. F. (2024). Microbial
landscape of cooked meat products: evaluating quality and safety in vacuum-packaged sausages using
culture-dependent and culture-independent methods over 1 year in a sustainable food chain. In Frontiers in
Microbiology (Vol. 15). Frontiers Media SA. https://doi.org/10.3389/fmicb.2024.1457819

Funds:

This research received no external funding.
Acknowledgments:
We would like to thank you to Dr. Larysa Bal-Prylypko
Conflict of Interest:

The authors declare no conflict of interest.

Volume 18 949 2024


https://doi.org/10.1016/j.foodcont.2021.107982
https://doi.org/10.3389/fmicb.2022.842390
https://doi.org/10.1111/lam.13267
https://doi.org/10.3390/foods9030338
https://doi.org/10.1093/lambio/ovad015
https://doi.org/10.3390/foods13020298
https://doi.org/10.3390/pr9091582
https://doi.org/10.3390/microorganisms8010116
https://doi.org/10.3390/ijms24032457
https://doi.org/10.3390/foods13020198
https://doi.org/10.1016/j.psj.2023.103100
https://doi.org/10.3390/foods12061182
https://doi.org/10.3390/foods12040727
https://doi.org/10.3389/fmicb.2024.1457819

Potravinarstvo Slovak Journal of Food Sciences

Ethical Statement:
This article does not contain any studies that would require an ethical statement.

Contact Address:
Snizhana Lokes National University of Life and Environmental Sciences of Ukraine, Faculty of Veterinary
Medicine, Department of Veterinary Hygiene, Vystavkova Str., 16, 03041, Kyiv, Ukraine
E-mail: lokes070979@icloud.com
ORCID: https://orcid.org/0009-0003-4215-0453

Larysa Shevchenko National University of Life and Environmental Sciences of Ukraine, Faculty of
Veterinary Medicine, Department of Veterinary Hygiene, Vystavkova Str., 16, 03041, Kyiv, Ukraine
E-mail: shevchenko laris@ukr.net

ORCID: https://orcid.org/0000-0001-7472-4325

Kyrylo Doronin Department of Technologies and Organization of Restaurant Business, State University of
Trade and Economics, building 19, Kyoto St., Kyiv, 02156, Ukraine
E-mail: k.doronin@knute.edu.ua

ORCID: https://orcid.org/0009-0001-1302-439X

Vita Mykhalska National University of Life and Environmental Sciences of Ukraine, Faculty of Veterinary
Medicine, Department of Veterinary Hygiene, Vystavkova Str., 16, 03041, Kyiv, Ukraine
E-mail: mykhalska.vm@gmail.com

ORCID: https://orcid.org/0000-0003-0578-8856

*Valentyna Israelian National University of Life and Environmental Sciences of Ukraine, Faculty of Food
Technology and Quality Control of Agricultural Products, Department of Technology of meat, fish and marine
products, Vystavkova Str., 16, Kyiv, 03041, Ukraine, Tel.: +38(096)724-03-99

E-mail: vs88@ukr.net
ORCID: https://orcid.org/0000-0002-7242-3227

Nataliia Holembovska National University of Life and Environmental Sciences of Ukraine, Faculty of Food
Technology and Quality Control of Agricultural Products, Department of Technology of meat, fish and marine
products, Vystavkova Str., 16, Kyiv, 03041, Ukraine, Tel.: +38(096)206-62-76
E-mail: natashagolembovska@gmail.com

ORCID: https://orcid.org/0000-0001-8159-4020

Nina Tverezovska National University of Life and Environmental Sciences of Ukraine, Faculty of Humanities
and Pedagogy, Department of Social Work and Rehabilitation, Heroes of Defense, Str.15, 03041, Kyiv, Ukraine,
Tel.: +38(044) 527-83-57
E-mail: tverezovskaya@nubip.edu.ua

ORCID: https://orcid.org/0000-0002-0672-9308

Oleksandr Savchenko National University of Life and Environmental Sciences of Ukraine, Faculty of Food
Technology and Quality Control of Agricultural Products, Department of Technology of meat, Fish and marine
products, Vystavkova Str., 16, Kyiv, 03041, Ukraine, Tel.: +38(050)359-62-71
E-mail: 63savchenko@gmail.com

ORCID: https://orcid.org/0000-0002-3940-6679

Corresponding author: *

© 2024 Authors. Published by HACCP Consulting in www.potravinarstvo.com the official website of the
Potravinarstvo Slovak Journal of Food Sciences, owned and operated by the HACCP Consulting s.r.o0., Slovakia,
European Union www.haccp.sk. The publisher cooperate with the SLP London, UK, www.slplondon.org the
scientific literature publisher. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License CC BY-NC-ND 4.0 https://creativecommons.org/licenses/by-nc-nd/4.0/, which permits non-
commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited,
and is not altered, transformed, or built upon in any way.

Volume 18 950 2024


mailto:lokes070979@icloud.com
https://orcid.org/0009-0003-4215-0453
mailto:shevchenko_laris@ukr.net
https://orcid.org/0000-0001-7472-4325
mailto:k.doronin@knute.edu.ua
https://orcid.org/0009-0001-1302-439X
mailto:mykhalska.vm@gmail.com
https://orcid.org/0000-0003-0578-8856
mailto:vs88@ukr.net
https://orcid.org/0000-0002-7242-3227
mailto:natashagolembovska@gmail.com
https://orcid.org/0000-0001-8159-4020
mailto:tverezovskaya@nubip.edu.ua
https://orcid.org/0000-0002-0672-9308
mailto:63savchenko@gmail.com
https://orcid.org/0000-0002-3940-6679
http://www.potravinarstvo.com/
http://www.haccp.sk/
http://www.slplondon.org/
https://creativecommons.org/licenses/by-nc-nd/4.0/

