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Boiled meat products, including sausages, are perishable items, making them potentially hazardous and requiring the use of preserva-
tives. Promising preservatives for sausages include starter cultures of lactic acid microorganisms, which act as antagonists to pathogenic
and opportunistic bacteria. Therefore, this study aimed to determine the types of microbiota causing spoilage of sausages during storage in
vacuum packaging and the effectiveness of their treatment with a starter culture of Lactobacillus curvatus or a mixture of starter cultures of
Lactobacillus curvatus + Lactococcus lactis subsp. lactis. On the first day of storage, the dominant microorganisms in the sausages were
Kilebsiella variicola and Bacillus amyloliquefaciens plantarum. By the 21st day of storage, signs of sausage spoilage were observed,
including the appearance of cloudy juice and the separation of the vacuum packaging. The main microorganisms causing sausage spoi-
lage were Moellerella wisconsensis, Proteus mirabilis, and Bacillus cereus. In the control sausages on the 18th day, the number of meso-
philic aerobic and facultative anaerobic microorganisms approached the allowable limit, and they were not suitable for further storage.
Treatment of sausages with a starter culture or a mixture of Lactobacillus curvatus + Lactococcus lactis subsp. lactis led to an increase in
the number of mesophilic aerobic and facultative anaerobic as well as lactic acid microorganisms practically throughout the entire storage
period. However, signs of spoilage in both treatment groups appeared on the 36th day. Both treatments with starter cultures extended the
shelf life of sausages in chilled conditions by 12 days. The use of a mixture of starter cultures for treating sausages during storage in va-
cuum packaging was not advisable. The obtained results can be used to extend the shelf life of boiled meat products, taking into account

the species composition of spoilage microbiota.
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Introduction

Sausages are highly popular among consumers and are one of the
oldest processed food products known to mankind. However, boiled meat
products are characterized by a short shelf life due to contamination by
microorganisms that cause spoilage. Microorganisms enter the meat from
the hands of workers, utensils, tables, protective clothing, and the air in
production facilities (Rocha et al., 2024). Furthermore, there is a redistribu-
tion of microorganisms from the surface to the inner parts of the muscle
tissue during the cutting, deboning, and trimming processes, leading to the
accumulation of blood and muscle juice, which provide a favorable envi-
ronment for microbial growth. During the preparation of sausage mince,
meat from different animal species is ground in meat grinders, resulting in
further contamination by microorganisms from equipment, air, and wor-
kers' hands.

The qualitative composition of the microbiota found in the mince and
finished meat products is highly diverse and consists of saprophytic and
opportunistic pathogenic microorganisms capable of causing spoilage du-
ring sausage storage, manifested by the appearance of cloudy juice, slime,
and a specific odor. Concems are also raised about pathogenic microor-
ganisms such as Salmonella spp., Escherichia spp., and Listeria spp.,
which do not cause unpleasant odor, taste, or changes in the appearance of
sausages but possess resistance to antimicrobial agents (Bayer et al., 2017,
Shevchenko et al., 2019; Popov et al., 2021; Melnychuk, 2024) and can
cause human illness. To prevent their multiplication and extend the shelf
life of boiled meat products, including sausages, various methods are used,
including chemical methods such as kitchen salt; physical methods such

as heat treatment and packaging; and biological methods, such as the use
of extracts of essential oils (Ajourloo et al.,, 2021; Aminzare et al., 2022), as
well as microorganisms that exhibit antagonistic action against pathogenic
bacteria (Matthews et al., 2017; Yu et al.,, 2021; Barcenilla et al., 2022).

Considering the undesirable effects of chemical preservatives on con-
sumers, including toxicity and carcinogenicity (Molognoni et al., 2019), as
well as changes in the organoleptic properties of food products (Aaliya
etal,, 2021), promising preservatives for boiled meat products, including
sausages, include the use of lactic acid bacteria cultures, particularly Lac-
tobacillus curvatus, whose metabolites exhibit antimicrobial properties
(Rahman et al., 2022). Lactic acid bacteria have been extensively studied,
and it has been found that many of their metabolites demonstrate bacteri-
cidal or bacteriostatic properties (Darbandi et al., 2022), including reute-
rins, bacteriocins, organic acids, amino acids, mono-hydroxy fatty acids,
exopolysaccharides, and others (Cheng et al., 2024).

Bacteriocins of lactic acid bacteria constitute a wide and versatile
group of bioactive bacterial peptides or proteins with high antimicrobial
potential against other bacteria (Simons et al., 2020). They exert their
antibacterial activity through four different mechanisms: by forming pores
in the cell membrane, inhibiting the biosynthesis of cell wall components,
affecting the activity of autolytic enzymes, and suppressing the formation
of bacterial spores. The most significant role of bacteriocins lies in their
use as natural preservatives in food products, as well as an altemative to
harmful and potentially carcinogenic synthetic additives. Additionally,
lactic acid microorganisms have many other beneficial functions in con-
sumers' bodies, including probiotics (Wang et al., 2021) and antimutage-
nic (Kim et al., 2019) effects. Their presence in food products influences
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their rheological and sensory characteristics. Various lactic acid and other
beneficial food microorganisms, such as yeasts, propionic acid bacteria,
etc., are used in the food industry to create well-adapted compositions
artificially added to food products, including meat products, for fermenta-
tion, quality improvement, flavor and aroma enhancement, or increased
shelf life. One of the important conditions for extending the shelf life of
boiled meat products, including sausages, is to ensure anaerobic condi-
tions. This is achieved through the use of vacuum packaging, modified
gas atmospheres (Czerwinski et al., 2021), and various oxygen scavengers
aimed at reducing the intensity of oxidative processes in food products
(Kawecki etal., 2021; Gupta, 2023). Under such conditions, lactic acid
microorganisms capable of providing conservation of boiled meat prod-
ucts, including Lactococcus lactis and Lactobacillus curvatus, can prolife-
rate, offering advantages over any chemical preservatives (Ramaroson et
al., 2018; Chen et al., 2020). Lactobacillus curvatus exhibits pronounced
resistance to the acidic pH of gastric juice, lysozyme, and bile compo-
nents, with high-intensity bacteriocin synthesis demonstrating strong anti-
listerial activity and the ability to inhibit some spoilage bacteria of meat
products. As a resident component of the microbiota in meat products, it
also plays a role in their maturation and the formation of desired flavor.
Therefore, Lactococcus lactis and L. curvatus are often used in the food
industry as starter cultures for fermented sausages and as biological protec-
tion cultures for meat products (Chen et al., 2020; Chaillou et al., 2022).
Moreover, bacteriocins of lactic acid microorganisms can be used in vari-
ous forms, including purified or partially purified fractions loaded into
active films/coatings or incorporated into encapsulated systems designed
for the storage of meat products (Smaoui et al., 2023).

Most research on the effectiveness of using lactic acid cultures and
their compositions is dedicated to fermented meat products, including
dried sausages. There is little research on the use of preservatives in the
storage of boiled meat products such as sausages, and this does not pro-
vide answers regarding their impact on the shelf life as it depends on a
significant number of factors unique to each meat processing plant, includ-
ing the sanitary condition of the technological equipment, hygiene of
workers and animal slaughter, the combination of primary and auxiliary
raw materials, the species composition of food additives, the characteris-
tics of sausage casing and packaging, and their microbial contamination.

Therefore, the research goal is to determine the species composition
of microbiota causing sausage spoilage during storage in vacuum packag-
ing under refrigerated conditions and, based on the obtained data, select
effective strains of starter lactic acid microorganisms capable of suppressing
the growth of spoilage bacteria and extending the shelflife of sausages.

Materials and methods

For the research, a batch of "Juicy" sausages of the first grade was
produced at a local meat processing plant in the Zakarpattia region.
The following recipe was used: main ingredients, kg/100 kg: fatty pork —
20, semi-fat pork — 34, poultry meat — 30, pork skin emulsion — 10, dry
milk — 3, potato starch — 3, water (ice) — 25; auxiliary ingredients,
kg/100 kg: table salt — 2.3, sodium nitrite — 0.0075, food additive Emulin
(guar gum thickener, mixture of milk proteins, sodium tripolyphosphate
stabilizer, table salt) — 2, food additive Parovka combo (spices: white
pepper, mustard, celery), spice extracts (cardamom, paprika), dextrose,
yeast extract — 1, food additive Ham flavor (black pepper extracts, garlic,
smoked pepper, and lovage, maltodextrin, soy protein hydrolyzate, yeast
hydrolyzate) — 0.2, food additive Milk fortified (spices and spice extracts:
cardamom, nutmeg, garlic, meat flavor and aroma, blood hemoglobin
(color fixative), milk proteins, carriers (dextrose, rice flour, table salt) — 1.

The research was conducted in two stages: In the first stage, the main
types of microorganisms causing spoilage of "Juicy" sausages during
storage in vacuum packaging in a refrigerator at a temperature of 4 + 1 °C
were determined. For the study, 10 vacuum packs of "Juicy" sausages
weighing 200 g each were used. For microbiological analysis, 5 packs of
sausages were used for the first day of storage and 5 packs for the appear-
ance of signs of spoilage (appearance of cloudy juice and delamination of
the vacuum packaging) on the 21st day of storage.

In the second stage, the effectiveness of using starter lactic acid cul-
tures to suppress microorganisms causing spoilage of "Juicy" sausages

during storage in vacuum packaging in a refiigerator at a temperature of
4+ 1 °C was investigated. For this purpose, 60 vacuum packs of sausages
weighing 200 g each were prepared, which were divided into 3 variants:
control and two experimental ones. Sausages of the control variant were
not subjected to treatment, while sausages of the experimental variants
were treated by spraying a suspension of starter cultures according to the
scheme shown in Table 1.

Table 1

Study scheme to determine the impact of starter cultures

of lactic acid microorganisms on the quality and safety of "Juicy"
sausages during storage in vacuum packaging in a chilled state (n =20)

Variant Experimental conditions

Control  "Juicy" sausages of the first grade in vacuum packaging
i- "Juicy" sausages of the first grade treated with starter culture SafePro
mental 1 BLC48 (Lactobacillus curvatus) at a rate of 5 x 10° CFU/em?’ of surface

"Juicy" sausages of the first grade treated with a mixture of starter cultures
SafePro BLC48 (Lactobacillus curvatus) + Bactoferm Rubis (Lactococ-
cus lactis subsp. Lactis) at a rate of 5 x 10° CFU/em” of surface

For the research, lactic acid microorganisms SafePro BLC48 (Lac-
tobacillus curvatus) + Bactoferm Rubis (Lactococcus lactis subsp. lactis)
from Chr. Hansen (LLC "Chr. Hansen, Kyiv, Ukraine") was used. Po-
lyamide casing Evro-Bar (Company "ATRIM PACK", Kharkiv, Ukrai-
ne) and vacuum packaging Amilen PA/PE (LLC "Kozak+", Vinnytsia,
Ukraine) were used for making sausages. All sausage variants were stored
in the refrigerator until signs of spoilage appeared. The results of the study
were recorded on days 1, 12, 18, 25, 30, and 36 of sausage storage.

Microbiological studies were conducted at the Zakarpattia Regional
State Laboratory of the State Service of Ukraine for Food Safety and Con-
sumer Protection in Uzhhorod and LLC "Expert Center "Biolights" in
Ternopil. For each study, 5 samples of casing and vacuum packaging for
sausages, fresh minced meat, and ready-made sausages were taken.

To determine the quantity of microorganisms, fungi, and mold, ave-
rage samples of sausages were taken, and washings from sausage casings
of 5 vacuum packages of each variant were made. For this, sequential
tenfold dilutions were prepared in a sterile physiological solution.
The quantity of microorganisms was determined in colony-forming units
(CFU), and the results were expressed in Ig CFU/g for minced meat and in
lg CFU/em” of casing surface for sausages. The genus and species identi-
fication of isolated microorganisms were performed according to current
methods.

A mass spectrometer Bruker Daltonics, Maldi Tof Microflex (Bruker
Daltonics, Germany) was used for microbiological studies. Plate count
agar M091 (HiMedia, India) medium was used to determine the quantity
of mesophilic aerobic and facultative anaerobic microorganisms
(MAFAM). Lactobacillus deMan, Rogosa, Sharpe Agar M641 (HiMe-
dia, India) was used for the isolation and quantitative determination of
bacteria of the genus Lactobacillus, Baird Parker Agar M043 (HiMedia,
India) for the isolation of pathogenic and non-pathogenic staphylococci,
Bismuth Sulphite Agar M027 (HiMedia, India) and Xylose Lysine
Deoxycholate Agar M031 (HiMedia, India) for Salmonella, Agar Palcam
(HiMedia, India) and Agar Oxford (HiMedia, India) for L. monocyto-
genes, Bacillus cereus (Selective agar) M833 (HiMedia, India) for Bacil-
lus cereus, Endo Agar (HiMedia, India) for Enterobacteria, and Sabou-
raud Agar (HiMedia, India) for the isolation of yeast and mold.

The statistical analysis of the obtained results was performed using
the ANOVA program, and the data in the tables are presented as x + SD
(mean + standard deviation). The difference between groups was consi-
dered significant using the Tukey test at P < 0.05 (taking into account the
Bonferroni correction).

Results

The reasons for the spoilage of sausages during storage in vacuum
packaging were investigated. The level of contamination of the fresh
sausage meat with mesophilic aerobic and facultative anaerobic microor-
ganisms (MAFAM) for "Juicy" sausages was 3.23 + 0.16 Ig CFU/g, and
after thermal processing during boiling, it decreased to 1.21 + 0.14 Ig
CFU/g, a decrease of 2.02 1g CFU/g (P < 0.001). The microbiological
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indicators of the polyamide single-layer casing Evro-Bar and the vacuum
multilayer packaging Amilen PA/PE for sausages in terms of the quantity
of MAFAM, lactic acid microorganisms, yeast and mold fungi complied
with current requirements (Table 2).

Among the microorganisms that formed the basis of MAFAM, Kleb-
siella variicola, and Bacillus amyloliquefaciens plantarum were found in
sausages stored in vacuum packaging in a refrigerated state on the first day
(Table 3).

Storage of sausages in vacuum packaging in the refrigerator condi-
tions led to signs of spoilage by the 21st day, such as the appearance of
juice, its clouding, and the delamination of the vacuum packaging. This
was accompanied by an increase in the quantity of MAFAM to 4.89 Ig
CFU/g compared to the initial data of sausages on the first day of storage.
The main microorganisms found in the spoiled sausages were Moellerella
wisconsensis, Bacillus cereus, and Proteus mirabilis.

Table 2
Microbiological indicators of the casing and packaging
for "Juicy" sausages (x = SD, n=5, Ig CFU/en?)

Microbiological indicators
Casing lactic acid yeasts,
MAFAM bacteria molds
Evro-Bar single-layer 120014 <1 <1
polyamide casing
Amilen PA/PE multi-layer <1 <1 <1
vacuum packages

Table 3
Microbiological indicators of "Juicy" sausages stored
in vacuum packaging in a chilled state (x = SD, n=5, Ig CFU/g)

Research MAF Microbiological screening
period, days AM on MALDI-TOF
Kiebsiella variicola,
! 234£028 Bacillus amyloliquefaciens plantarum
21 7234098+ Moellerella wisconsensis, Bacillus cereus,

Proteus mirabilis

Note: #** —P <0.001 compared to data from day 1 of storage.

The impact of starter cultures Lactobacillus curvatus and Lactococ-
cus lactis subsp. lactis on the microbiological indicators of sausages du-
ring storage in vacuum packaging was examined. Treating "Juicy" sau-
sages with the SafePro BLC4S8 (Lactobacillus curvatus) starter culture
before vacuum packaging for the first day of storage led to an increase in
the MAFAM count by 1.19 Ig CFU/g, while treating them with a mixture
of SafePro BLC48 (Lactobacillus curvatus) + Bactoferm Rubis (Lacto-
coccus lactis subsp. lactis) led to an increase by 1.46 Ig CFU/g compared
to the control. Storage of sausages up to the 12th day further increased the
MAFAM count in the case of treatment with a single lactic acid microor-
ganism starter culture by 0.98 Ig CFU/g, whereas using a mixture of starter
cultures led to an increase of 1.24 1g CFU/g compared to the control (Ta-
ble 4). In the "Juicy" sausages of the control group, the MAFAM count
approached 3 Ig CFU/g by the 18th day, making further storage imprac-
tical. Treating "Juicy" sausages with the SafePro BLC4S starter culture
led to an increase in the MAFAM count by 0.72 Ig CFU/g on the 18th day
of storage while using a mixture of starter cultures (SafePro BLC48 +
Bactoferm Rubis) increased it by 1.67 g CFU/g compared to the control.
Additionally, sausages treated with the mixture of lactic acid starter cul-
tures had a 0.95 lg CFU/g higher MAFAM count compared to those
treated with a single starter culture.

Storage of sausages from both treatment groups up to the 30th day
was characterized by an increase in the MAFAM count. On the 25th day
of storage, a higher rate of increase in the MAFAM count was observed in
sausages treated with the mixture of starter cultures (SafePro BLC48 +
Bactoferm Rubis) compared to those treated with only SafePro BLC-48
by 0.94 Ig CFU/g, and on the 30th day, by 1.11 g CFU/g (Table 4).

By the 36th day of storage, both treatment groups of sausages showed
signs of spoilage, including the appearance and clouding of juice and
delamination of the vacuum packaging.

By the first day of storage, the sausages in the control group did not
differ from those processed with the SafePro BLC48 starter culture.

For sausages treated with a mixture of starter cultures, there was an in-
crease in the quantity of lactic acid microorganisms by 0.76 g CFU/g
compared to the control variant (Table 5). On the 12th day of storage, in
sausages processed with the SafePro BLC48 starter culture, the quantity
of lactic acid microorganisms exceeded the analogous indicator in the
control variant by 0.36 Ig CFU/g, while in sausages treated with a mixture
of starter cultures SafePro BLC48 + Bactoferm Rubis, it exceeded it by
1.03 Ig CFU/g. By the 18th day of storage, the quantity of lactic acid mi-
croorganisms in sausages processed with a single starter culture predomi-
nated over the control by 0.43 1g CFU/g, and in sausages treated with a
mixture of starter cultures, it predominated by 1.39 Ig CFU/g. Further
storage of sausages in both treatment variants led to an increase in the
quantity of lactic acid microorganisms. Moreover, on the 25th and 30th
days of storage, sausages treated with a mixture of starter cultures showed
a higher quantity of lactic acid bacteria by 1.51 lg CFU/g and 1.22 Ig
CFU/g, respectively, compared to sausages treated with a single starter
culture.

Table 4

Number of MAFAM in "Juicy" sausages processed with starter
cultures of lactic acid microorganisms and stored in vacuum
packaging in a chilled state (x + SD, n= 5, Ig CFU/g)

Research Control SafePro SafePro BLC48 +

period, days variant BLC48 Bactoferm Rubis
1 202+0.12* 321+023° 348+025°
12 231+020° 329+0.19 3.55+032°
18 2.92+024 3644027 459+021°
25 - 409030 503+037
30 — 598+023° 7.09+0.56°

Note: on day 21, the sausages spoiled and were not subjected to examination; diffe-
rent letters of the superscripts indicate values that likely differed within the same row
of the table (P < 0.05) according to the results of comparison using the Tukey test
with Bonferroni correction.

Table 5

Quantity of lactic acid microorganisms in "Juicy" sausages

treated with lactic acid microorganism cultures and stored

in vacuum packaging under refrigeration (x + SD, n =5, Ig CFU/g)

Research Control SafePro SafePro BLC48
period, days variant BLC48 + Bactoferm Rubis
1 1.19+025 1.28+0.13° 1.95+033°
12 126+0.16" 1.62+0.17° 2294028
18 1.69+027 2.12+£025 3.08+0.19
25 - 226+0.18 377+0.12°
30 — 334+£032° 456027

Note: see Table 4.

Over the storage period, both for the control variant sausages on the
first and 18th day, as well as for sausages in both treatment groups with
lactic acid bacterial cultures on the first, 18th, 25th, and 30th days, no
conditionally pathogenic or pathogenic microorganisms were detected,
including S. aureus, L. monocytogenes, Salmonella spp., E. coli, coliform
bacteria, as well as yeast and mold.

The quantity of MAFAM on the surface of the polyamide casing
Evro-Bar on the first day after treatment with lactic acid bacterial cultures
did not differ between the experimental variants of sausages (Table 6).

Table 6

Quantity of MAFAM in the Evro-Bar casing of "Juicy" sausages
treated with lactic acid bacterial cultures and stored in vacuum
packaging under refiigeration (x + SD, n= 5, Ig CFU/ern?)

Research period,days ~ SafePro BLC48  SafePro BLC48 + Bactoferm Rubis
1 6.29+045 693+ 1.11
18 647+032 7.09+037
30 6.53+0.19 744+045

Storage of sausages up to the 18th and 30th day revealed that treating
them with a mixture of starter lactic acid bacterial cultures tended to in-
crease the quantity of MAFAM on the surface of the polyamide casing
Evro-Bar compared to the corresponding indicators for treatment with
only one starter culture.
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Discussion

The reasons for the spoilage of sausages during storage in vacuum
packaging are multifaceted. In the production of cooked meat products,
including sausages, there are several stages of contamination of raw mate-
rials by microorganisms capable of causing their spoilage. A significant
factor determining the microbiological indicators of finished products is
the hygiene of processing slaughterhouse carcasses, the level of mincing
of the main raw material, as well as the sanitary and hygienic conditions of
the sausage production facility (technological equipment, air environment,
tools, and workers' hands). Additionally, spices, auxiliary ingredients,
sausage casings, and packaging also contain various types of acrobic and
anaerobic bacteria, which under appropriate temperatures and nutrient
conditions can grow and multiply.

The presence of many pathogenic bacteria in the raw materials for
sausage production, including meat from animals and poultry, is well
documented. Pathogenic bacteria may include Salmonella spp., Campylo-
bacter spp., Escherichia coli, Listeria monocytogenes, Yersinia enterocoli-
tica, Staphylococcus aureus, as well as saprophytes such as Pseudomonas,
which accelerate meat spoilage (Laszkiewicz et al., 2021). The risk of
increasing the quantity of microorganisms in the finished meat product
increases with the level of mincing and the degradation of muscle fibers
that occurs during the preparation of sausage meat.

As our research has shown, the level of contamination by microor-
ganisms in fresh sausage meat, as measured by the MAFAM index,
reached 3.23 lg CFU/g, which is associated with the use of a significant
amount of main and auxiliary raw materials, including fatty and semi-fat
pork, poultry meat, pork skin emulsion, dry milk, potato starch, water
(ice), food additives containing spices and spice extracts, as well as sau-
sage casings. This significantly increases the risk of microbial contamina-
tion of the meat mixture. Thermal processing of sausages during boiling
provides a temperature inside the sausage at around 70 °C, which ensures
the destruction of a significant portion of microorganisms, resulting in a
substantial reduction in their quantity in the finished product.

On the first day of storage, the MAFA index in "Juicy" sausages was
within the requirements of regulatory documents. The predominant mi-
croorganisms detected in the sausages on the first day of storage were
Klebsiella variicola and Bacillus amyloliquefaciens plantarum.

Klebsiella variicola bacteria belong to the Enterobacteriaceae family
and are widespread in plants, the human body, and animals. It was pre-
viously considered a component of the normal gut microbiome in humans
and the rumen of cattle but is now being considered a pathogen capable of
causing urinary tract infections in both humans and animals. Klebsiella
variicola has also been found in pork and can cause mastitis in cattle and
be excreted in milk and animal products. The contamination of sausage
meat with K. variicola could be due to workers” hands, raw materials, and
food additives, which require further investigation into the transmission
chain of K. variicola in the conditions of this meat processing plant.

Bacillus amyloliquefaciens plantarum are widely distributed in the
environment and known as colonizers of plant rhizospheres, protecting
and stimulating their growth. These microorganisms are not harmful to
humans and animals; instead, they play an important probiotic role in the
digestive system. They also synthesize proteases capable of hydrolyzing
native insoluble proteins (elastin, fibrin, collagen). Some strains of Bacillus
amyloliquefaciens ssp. plantarum are major components of probiotic
preparations, including veterinary products such as endospore. This partly
explains the presence of these microorganisms in the raw materials used
for making sausages. Storage of sausages in vacuum packaging in the ref-
rigerator was accompanied by an increase in the MAFAM index, reach-
ing a critical level by day 21st, characterized by signs of spoilage — juice
and its cloudiness and separation of the vacuum packaging layers. Among
the dominant microorganisms detected in the sausages on day 21st of sto-
rage were representatives of the Enterobacteriaceae family: Moellerella
wisconsensis, Proteus mirabilis, and Bacillaceae: Bacillus cereus. Proteus
mirabilis is widely distributed in fermented meat products, including sau-
sages, and is often the cause of their spoilage. Moellerella wisconsensis is
frequently found in cooked meat products showing signs of spoilage.

Bacillus cereus belongs to the Bacillaceae family, which is ubiquitous
in the environment and can be isolated from food and food materials. It al-

so forms heat-resistant spores, which likely survive the mild thermal pro-
cessing of cooked meat products, which involves reaching a temperature
of 70 °C inside the sausage core. Some strains of B. cereus can grow at
temperatures of 8 °C and lower, conditions commonly found in household
refrigerators where sausages are stored. Our research results indicate a
preference for various types of microorganisms, even within the same fa-
mily, in sausages depending on the duration of their storage in vacuum
packaging. This is consistent with previous findings that confirm changes
in the species composition of microbial populations in sausages during
refrigerated storage. However, the species composition of spoilage micro-
organisms does not change significantly during extended storage periods,
while the ongoing metabolic activity of spoilage bacteria leads to a notice-
able deterioration in organoleptic characteristics, including the appearance
of juice, unpleasant odor, and sliminess.

The impact of starter cultures Lactobacillus curvatus and Lactococ-
cus lactis subsp. lactis on the microbiological indicators of sausages du-
ring storage in vacuum packaging is noteworthy. Extending the storage
period of sausages is possible through the use of starter cultures of lactic
acid microorganisms, which antagonize the microbiota responsible for
their spoilage. This aligns with the results of our previous research, which
demonstrated an extension of the storage period of pork halves in refrige-
rated conditions for up to 7 days through the use of starter cultures of lactic
acid microorganisms. Treating sausages with the SafePro BLC-48 starter
culture (Lactobacillus curvatus) or a mixture of SafePro BLC4S8 (Lacto-
bacillus curvatus) + Bactoferm Rubis (Lactococcus lactis subsp. lactis)
before vacuum packaging led to an increase in the MAFAM index practi-
cally throughout the entire storage period compared to the control. Their
numbers reached or exceeded the regulated value of 3 1g CFU/g stipulated
by the current standard. However, in this case, it can be considered that the
desired lactic acid microorganisms formed the basis of the MAFA in
sausages: in the variant using SafePro BLC48, Lactobacillus curvatus,
and in the variant using the mixture SafePro BLC-48 + Bactoferm Rubis,
Lactobacillus curvatus and Lactococcus lactis subsp. lactis.

The storage of sausages in the control group in vacuum packaging
under refiigerated conditions until the 18th day showed that the level of
MAFAM approached the maximum allowable value, indicating their
unsuitability for further storage. Thus, it can be considered that the storage
of sausages in vacuum packaging under refrigerated conditions is possible
only until the 18th day when the MAFAM level does not exceed 3 Ig and
the organoleptic characteristics meet the requirements for high-quality
products.

On the 25th and 30th days of storage, the intensity of MAFAM in-
crease in sausages treated with the starter culture mixture SafePro BLC-48
+ Bactoferm Rubis was higher than that in sausages treated with the cul-
ture SafePro BLC-48 alone. Despite this increase in MAFAM levels, no
changes in organoleptic characteristics indicating spoilage were observed
in sausages from both treatment groups until the 36th day. On the 36th
day of storage, both treatment groups exhibited signs of spoilage, includ-
ing juice turbidity and vacuum packaging delamination.

The extension of the storage period of sausages in both treatment
groups with starter lactic acid cultures can be explained by the ability of
Lactobacillus curvatus to inhibit the growth of spoilage bacteria, including
Enterobacteriaceae, Pseudomonas fragi, and Brochothrix thermosphacta,
which are often found in meat products during storage in vacuum packa-
ging. It can also inhibit the growth of Pseudomonas putida in the later
stages of storage. L. curvatus significantly reduces microbial diversity in
meat products through the synthesis of bacteriocin, which can control
fermentation processes by inhibiting the growth of specific bacteria and
competing microbial communities, thereby enhancing the safety of coo-
ked meat products, including sausages. The inhibitory properties of L. cur-
vatus are closely related to the formation of organic acids lactic and acetic
acid and hydrogen peroxide, as well as competition with other microor-
ganisms for limited nutrients (Zhang et al., 2018; Laranjo et al., 2019).

The number of lactic acid bacteria in the sausages in the control va-
riant and both variants treated with starter lactic acid cultures increased
throughout the entire storage period. In the sausages of both treatment
variants, the number of lactic acid bacteria exceeded the corresponding
indicators in the control only starting from the 12th day of storage, which
may be associated with the low permeability of the polyamide casing
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Evro-Bar for microorganisms. It should be noted that in the control variant
and both treatment variants, the number of lactic acid bacteria constituted
the basis of the entire total viable count. Therefore, lactic acid bacteria of
field strains, which were the main microbiota in sausages in the control
variant, could also be the cause of their spoilage along with other bacteria,
including Enterobacteriaceae.

Research by Hultman et al. (2020) has shown that psychrotrophic lac-
tic acid bacteria form the basis of spoilage microorganisms in meat during
storage in a modified atmosphere. In this study, Leuconostoc species were
the most common active lactic acid bacteria throughout the storage period,
while the activity of Streptococcaceae (mainly Lactococcus) increased
after product spoilage. This is also confirmed by the results of studies on
Cypriot sausages, which revealed gram-positive bacteria, such as genera
Latilactobacillus (formerly known as Lactobacillus), Bacillus, and Ente-
rococcus (Kamilari et al., 2021).

The number of lactic acid bacteria in sausages treated with a mixture
of starter cultures SafePro BLC-48 + Bactoferm Rubis predominated over
similar indicators in sausages treated with only the starter culture SafePro
BLC48, especially on the 25th and 30th day of storage. This may be due
to a higher number of lactic acid bacteria that entered the sausages at the
beginning of storage. These results are consistent with the number of total
viable counts on the surface of the polyamide casing Evro-Bar after treat-
ment with starter lactic acid bacteria cultures. Thus, by treating the surface
of sausages with a spray of starter lactic acid bacteria cultures, an addition-
al barrier was created for the microbiota causing spoilage. These results
are also supported by studies on the number of conditionally pathogenic
and pathogenic microorganisms, such as S. aureus, L. monocytogenes,
Salmonella spp., E. coli, coliform bacteria, as well as yeasts and molds in
sausages throughout the entire storage period.

The idea of creating a bio-protective film for food products was eva-
luated for boiled sausages (Hashemi et al., 2023) and meat (Yang et al,
2019). The results showed that the food film with active plantaricin im-
proved oxygen barrier properties, reduced the number of viable Listeria
monocytogenes by 3.6 logl0 CFU/mL in liquid medium and approxi-
mately by 1.4 log10 CFU/g in meat stored at 4 °C for 8 days compared to
the control. Furthermore, the count of viable aerobes and anaerobes in
meat packaged in the film with active plantaricin was reduced by approxi-
mately 0.6 log10 CFU/g and 1.1 log10 CFU/g compared to meat packa-
ged in polypropylene film during storage at 4 °C for 12 days. This study
demonstrated that the active film could extend the shelf life of meat by
inhibiting L. monocytogenes and spoilage bacteria in refrigerated meat
stored at a household refrigerator temperature of 4 °C.

It is worth noting that the use of a mixture of SafePro BLC4S8 (Lac-
tobacillus curvatus) + Bactoferm Rubis (Lactococcus lactis subsp. lactis)
in our experiment did not improve but also did not worsen the results
regarding the extension of the shelf life of "Juicy" sausages compared to
using only the starter culture SafePro BLC48 (Lactobacillus curvatus).
This does not contradict the requirements for using mixed starter cultures
in the production of meat products (Hwang et al., 2023), however, in this
case, it was economically unjustified.

As evident from the data provided, the main microorganisms causing
spoilage of sausages, especially towards the end of the storage period,
were facultative anaerobes, indicating an oxygen deficit in the vacuum
packaging and the creation of unfavorable conditions for the growth and
reproduction of aerobic bacteria, including a significant number of spoi-
lage bacteria, as well as the strain of the Bactoferm Rubis (Lactococcus
lactis subsp. lactis) starter culture. In such a case, the use of this bacterium
as an oxygen scavenger in the environment proved to be ineffective. Simi-
lar results were obtained in a study of hop extract as an oxygen scavenger
in a modified atmosphere for sausage storage. The authors noted that de-
spite oxygen absorption, it was not possible to extend the shelf life of sausa-
ges beyond 21st days under refrigerator conditions (Carballo et al., 2020).

Conclusions

On initial storage of "Juicy" sausages in vacuum packaging, the do-
minant microorganisms were representatives of the families Enterobacte-
riaceae — Klebsiella variicola and Bacillaceae — Bacillus amyloliquefa-
ciens plantarum. By the end of the storage period of sausages in vacuum

packaging under refrigerator conditions, along with the increase in the
count of the most probable number of aerobic mesophilic bacteria
(MAFAM) by the 21st day, signs of spoilage appeared in the form of juice
appearance and cloudiness, and delamination of the vacuum packaging.
The cause of spoilage of sausages on the 21st day of storage was the rep-
resentatives of the families Enterobacteriaceae: Moellerella wisconsensis,
Proteus mirabilis, and Bacillaceae: Bacillus cereus.

Treating sausages before vacuum packaging with the starter culture
SafePro BLC4S8 (Lactobacillus curvatus) or a mixture of SafePro BLC-
48 (Lactobacillus curvatus) + Bactoferm Rubis (Lactococcus lactis subsp.
lactis) led to an increase in the count of MPNAM and lactic acid microor-
ganisms practically throughout the entire storage period compared to
untreated sausages. Storing sausages in vacuum packaging in a chilled
state without treatment with starter lactic acid cultures is reasonable only
up to the 18th day. Signs of spoilage in the form of juice appearance clou-
diness, and delamination of the vacuum packaging occur by the 36th day
of storage for sausages treated before vacuum packaging with the starter
culture SafePro BLC48 or a mixture of starter cultures SafePro BLC-48
+ Bactoferm Rubis.

Treating sausages before vacuum packaging with the starter culture
SafePro BLC-48 can be considered effective in suppressing the growth of
microorganisms causing their spoilage and extending the shelf life in
chilled conditions by 12 days. The use of a mixture of starter cultures
SafePro BLC48 + Bactoferm Rubis for treating sausages before vacuum
packaging may be promising in the case of detecting aerobic microbiota
causing their spoilage and requires further research.

The authors declare that they have no potential conflict of interest concemning the
authorship or publication of this article.
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